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Abstract of thesis entitled: 
Nitrogen and Phosphorus Dynamics in Hong Kong Urban Park Soils 
Submitted by LIU, Wing Ting 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in August, 2004 
The thesis investigated the chemical properties of Kowloon Park and Tin Shui 
Wai Park soils, with special attention on the N and P dynamics of urban park soils. 
It began with an analysis of basic soil properties of the park soils including texture, 
pH, soil organic matter (SOM), mineral nitrogen (NH4-N and NO3-N), total nitrogen 
(TKN), total and available phosphorus, and exchangeable K, Na, Ca and Mg. The 
dynamics of nitrogen and phosphorus between wet and dry seasons were studied 
using the field incubation technique. The differences of nutrient fluxes between 
vegetation covers and park management were analyzed. 
Soils in Kowloon Park were more fertile than the Tin Shui Wai counterparts. 
Generally, inorganic nitrogen constituted less than 2% of the total N pool; while 
inorganic P accounted for 3.44 - 44.35% of total P in the park soils. Soil properties 
were also found to be different under trees and shrubs cover and turf cover, with 
greater variations between vegetation covers shown in Tin Shui Wai Park. However, 
it was commonly found in both parks that NO3 pool predominated over ammonium in 
shrub soils and the ammonium pool was larger than nitrate in soils under turfgrass. 
On N and P dynamics, nitrification predominated over ammonification in the 
park soils, and the fluxes of mineral P were much larger than N, possibly due to 
judicious use of fertilizers in the two parks. Turnover of N and P tended to be 
greater in soils under turf than soils under trees and shrubs. Prominent nitrification 
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and P mineralization of urban park soils as a result of long-term horticultural 
maintenance were similar to soils in agroecosystems. However, the results were also 
associated with heavy leaching of NO3-N and PO4-P that may generate similar risk of 
environmental pollution as in some agricultural soils. 
On the whole, the urban park soil properties varied considerably within and 
between parks. Mineralization, leaching and plant uptake of N and P also differed 
between seasons, vegetation types and the two parks. The implications of these 
results on urban soil and vegetation management were discussed. The existing urban 
park management practice was evaluated and suggestions for improvement were also 
made in the thesis. 
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1.1 Urban ecological environment and the urban parks in Hong 
Kong 
Following rapid urbanization and urban population growth, the urban landscape 
provides a unique configuration of vegetation communities and soils. Natural 
vegetation covers are replaced by fragments of planted communities amid the 
concrete jungle, and species diversities are reduced. Plants growing in urban areas 
are facing more human-induced stresses than their natural counterparts, such as more 
hostile microclimates, heat island effect and environmental pollution. Consequently, 
urban soil profiles are often modified, lost natural structures, or intermixed with 
artificial materials. Ecosystem processes in the urban milieu, like litter 
decomposition and nutrient cycling, have been found to be more complex and 
contrary to commonly held ecological beliefs (McDonnell et al 1997). Plant-soil 
relationship in the urban environment therefore, provides new ground for research. 
Indeed, with the increasing concern of environmental sustainability of city 
development, the urban ecosystems become a rising realm of scientific interest. 
Urban parks, in an ecological context, are a reserve of human-maintained 
vegetation habitats, which consist of a majority of planted ornamental communities 
and a few retained remnant trees and shrubs during development (Adams, 1994). In 
terms of the demand for human comfort, it has been widely accepted that parks are 
becoming an essential component of all cities since the late nineteenth century 
(Gilbert, 1989). Like in most urban areas, parks in congested urban Hong Kong, can 
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no doubt, be regarded as precious resources, and basic necessity for the population. 
Open greenspaces in Hong Kong are planned to meet both the active and passive 
recreational needs of the populations. According to the Hong Kong Planning 
Standards and Guidelines (HKPSG), district open space should be provided at 1 m^ 
per person, i.e. 10 hectares per 100,000 persons. Within these open areas, landscape 
plans are prepared for parks, gardens, promenades and sitting out areas to maximize 
the greening opportunities. 
Urban parks assume central place of all greenspaces in beautifying the cityscape. 
These are places that are highly appreciated by the citizens, who want to escape from 
the hustle and bustle of city life (Bradshaw et al 1995). The various vegetated 
landscapes in parks are created to satisfy the human need for leisure and recreation, 
and provide both psychological and physical relief for urban dwellers (Whitaker and 
Browne 1971; Williams 1995; Miller, 1997). Ecologically, the urban park 
environment in Hong Kong can attract wildlife. For example, the ponds, lawns and 
mature trees in Kowloon Park located in the heart of Tsim Sha Tsui have been found 
to be attractive to migrant birds and wildfowl such as wild Night Herons, 
White-breasted and Common Kingfishers (Hong Kong Bird-Watching Society, 2003). 
A successful park may need to fulfil a number of sometimes conflicting uses 
(Gilbert 1989; Welch 1995; Philips 1996), such as active recreation, strolling, sitting, 
courting, display of historical features, nature appreciation and enjoyment of 
ornamental horticulture, and so on. That is why urban parks are intensively 
managed to maintain their manicured, landscaped appearance. In Hong Kong, the 
Leisure and Cultural Services Department (LCSD) of the Hong Kong Special 
Administrative Region is responsible for managing 22 major parks (LCSD Annual 
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Report, 2001). This is done to fulfil the target of "providing aesthetically pleasing 
open space by maximizing landscaped coverage in passive recreation areas" and by 
"introducing conspicuous flowering and shade trees, colour foliage and flowering 
shrubs of hardy species to create colour, contrast and seasonal changes" (LCSD, 
2001). 
However, such floral beauty cannot be well maintained if the quality of the 
planting medium is overlooked. It has been commonly found that much attention 
has been paid on the design and care of aboveground vegetation during urban 
landscaping processes, while the underlain substrate supporting plant growth is often 
ignored (Bullock and Gregory, 1991; Craul, 1992). In this regard, urban parks in 
Hong Kong are not exceptional. Studies of urban park soils in Hong Kong (Lai, 
1994; Jim, 1998e) reveal that the soils in urban parks have high stone contents, coarse 
sandy textures, elevated pH levels, poor organic matter content and thus deficient in 
soil nitrogen and phosphorus. In addition, impurities like construction rubbles and 
trash are often found in the soil and the vegetation suffers from soil compaction. In 
fact, it is often taken for granted that the substrate underground will always be 
suitable for planting (Jim, 1998e). Furthermore, the magnitude of soil degradation in 
general is largely related to the intensity of trampling pressure, and this degradation 
will eventually wear away the quality of amenity vegetation and recreational 
experience (Jim, 1998e). 
Besides, the growing population in Hong Kong is associated with the pressing 
demand for leisure and recreation in the urban areas. As a result, the negative 
impact of littering, trampling and trespassing by park visitors on the vegetation and 
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soils can be immense, especially in those popular parks with high user intensity and 
favorable sitting-out places (Lai 1994). 
Recreational impacts on soil are often expressed in terms of physical attributes, 
like bulk density, porosity, aggregate stability, erosion rates, or reduction of vegetation 
coverage (Liddle 1997). The changes of soil chemical properties as a result of (or 
partly induced by) physical disturbance should also deserve attention. 
Understanding the relationship between recreational stresses and organic matter 
turnover, as well as soil nutrient build-up, may lead us to a better understanding of 
degradation or restoration of park soil fertility. 
The urban park environment in Hong Kong, which contains the most intensively 
managed vegetation communities, is embedded with substandard soil substrates, and 
facing an increasing recreational demand as well as disturbance (Lai, 1994). To this 
end, ecological processes in such unique environment, especially the nutrient 
dynamics, would be a function of urban environmental effects (for example, altered 
climate and pollution), park horticultural management, recreational impacts, and 
inherent properties of urban soils. Therefore, knowledge of urban park soil and its 
processes will be pertinent in understanding the urban park ecosystem, as well as 
facilitating the management of a valuable resource for recreation. Particularly, 
behavior of the sensitive soil macronutrients like nitrogen and phosphorus, which will 
significantly respond to environmental changes, is the key to understand how the 
urban ecosystems work. 
1.2 Conceptual framework of the study 
The appearance of urban vegetation cover is influenced by urban morphology 
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(Zipperer et al. 1997). The built structure and the pattern of development determine 
the availability and configuration of growing space. Moreover, the interplay 
between land use and topography determine the characteristics of urban habitats (Jim, 
1989). 
Under the authority of the Leisure Services Branch of the LCSD, horticultural, 
landscaping and arboricultural services are provided in the 22 parks distributed in 
different districts of Hong Kong Island, Kowloon and New Territories. Some of 
these parks are encircled by skyscrapers in commercial districts, while some others 
are located in the new towns to serve the surrounding residential communities. 
Though management inputs among the parks may be similar, the endowing peripheral 
environment of the parks is different. Will the urban soil properties in parks located 
in different land use areas be different? Will the nutrient dynamics vary with land 
use and other environmental attributes? 
The development of an ecosystem, and indeed an urban ecosystem involves the 
processes of resource accumulation and material recycling (Bradshaw 2003). As 
organic matter accumulates through time, the nutrients (nitrogen, phosphorus and 
potassium, etc.) are released through decomposition of organic matter, thence 
consumed again by plants, and the cycle continues. With time, a distinct organic soil 
layer can be developed. Time is one of the factors affecting soil formation. In the 
urban environment, poor quality human-modified topsoil can become mature even 
though it may be a slow process. Gilbert (1989) has given two examples in Sheffield, 
United Kingdom, for comparison. A four-year-old man-made substrate in a public 
open space was characterized with weak structure, lithological discontinuity and 
compaction. In another site topsoiled for 27 years, the substrate developed to an 
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improved soil with better texture and structure, more vigorous biological activities, 
and improved nutrient status. During this soil evolution, the original features of the 
man-made soil became obscure. However, four decades of soil development in 
Victoria Park in Hong Kong, under a humid-tropical soil genesis regime that should 
have led to fast changes, have done little to ameliorate the physical and chemical 
limitations of soils (Jim 1998e). With these contrasting findings, there is the need to 
whether the urban soil quality will change with the aging of parks. Are the soil 
physical and chemical properties varying with park management ages? How is this 
evolution different from natural soil genesis? Is nutrient cycling more efficient in 
older park soils than the soils with shorter management history? 
In urban environment, the types of plant associations that have adopted to the 
city environment are different from the native associations that have been replaced 
during urbanization (Hough 1995). The composition of the planted vegetation in 
urban areas is determined by the economic well-being of parties involved, availability 
of planting stock, plants' adaptation to the area and their capability of growing under 
stressful conditions, as well as patterns of landscape taste and fashion (Adams 1994). 
Generally, park vegetation varies with age, size, function, topography and particularly 
the philosophy of its designer (Gilbert 1989). Different habitats including tree 
stands, shrubberies, flowerbeds and lawns are commonly found in parks in Hong 
Kong. Methods of cultivation and maintenance routines for each vegetation type 
vary, and intensity of care required for one type would be different from one another. 
How will the resulting soil properties be different among vegetation types? 
Many studies have been done on the ecosystem processes in various terrestrial 
habitats. For instance, root systems, litter quality, and soil organisms predominated 
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in a woody vegetation community are not the same as a grassland community, not to 
mention the plants' growing habits and the resulting nutrient turnover rates. Their 
differences are most obviously reflected from the nitrogen dynamics in these habitats. 
Distribution of soil inorganic nitrogen has been found to differ between tropical 
forests and pastures, as the forest soils are predominated with NO3-N pool while 
NH4-N predominates in pasture soils (Piccolo et al 1994; Neill et al 1995). 
Different nitrification rates were also found between forest soil and pasture soil in 
Brazilian Amazon basin (Piccolo et al 1994). How will the seasonal nutrient 
dynamics be like for soils under different vegetation types, in an intensively managed 
urban park environment? 
Among the vegetation types mentioned above, trees have gained the most 
attention in the studies of Hong Kong urban environment (Jim 1987, 1989, 1990, 
1992，1993b, 1998c, 1999, 2001). Tree planting, maintenance and urban forestry 
management techniques are deliberately explored and well documented (Webb 1991; 
Jim 1990，1992，1998c, 2001). However, mown grasses are also integral 
components in a recreational landscape. Earlier, Gilbert (1989) had stated that 
grassland communities normally occupy 75% to 95% of a park area, ideal for showing 
off buildings and other ornamental plants, for walking over, lying upon or playing 
games on. The establishment and management of turf grounds is indeed a 
sophisticated science and has become a professional field of its own (Kamok 1998). 
Although the amount of lawn coverage in urban parks in Hong Kong may not be the 
case as reported by Gilbert (1989), the efforts and costs involved: turf growth and turf 
maintenance in the long term, are possible to out-compete that of the trees and shrubs. 
More sophisticated equipments like mowers and fertilizer spreaders are used. 
Regular mowing, thatch removal, and restoration of turf on heavily trampled sites are 
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being carried out year after year. Are the parks in Hong Kong providing good care 
on lawn soils? 
It has been identified that "interrupted nutrient cycling" is one of the distinctive 
characteristics of urban soils (Craul 1985). The interruption starts when the soil is 
being excavated, transported and backfilled during the construction and establishment 
of planting sites. The modification continues with human management and 
disturbances after planting is accomplished. Park vegetation, and inevitably the soil, 
is under two influential forces: management of park staff and visitor behaviour. The 
horticultural staff are responsible for taking care of the plants, applying fertilizers, 
irrigation, pruning, pest control, and other park management activities. On the other 
hand, the park visitors may trample on the lawns, leave litter behind, trespass the 
shrub beds, or introduce other kinds of damage. The nutrient status of urban park 
soils would be a balance of addition (fertilizers or decomposition of trash) and 
removal (wearing away of plant litter or soil erosion). What will be the resulting 
nutrient dynamics in urban park soil in Hong Kong under such circumstances? 
Furthermore, nutrient dynamics involve the interactions among the biomass, 
litter and soil compartment, in addition to the influence of management inputs. 
Transformation and movement of the major elements in the ecosystem: carbon, 
nitrogen, phosphorus and sulphur, have been extensively studied (Stevenson 1994; 
Stevenson and Cole 1999; Barber 1995; Paul and Clark 1996; Greierson et al 1998; 
Guiffre et al 2001; Schnug 1998). Nitrogen and phosphorus, being the most 
limiting nutrients for plant growth, control ecosystem productivity by their 
availability and interchange between organic and mineral phases. When human 
impacts are accounted for in this dynamics, the equilibrium among the biomass, litter 
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and soil change. Studies in New York showed that the availability, relative 
abundance in different chemical forms and turnover rates of N and P in urban forests 
differ from rural environment (Pouyat, 1997; Pouyat and Turecheck, 2001; Baxter et 
aL, 2002). While these studies provide precious information to the understanding of 
urban ecosystems, the dearth of knowledge on nitrogen and phosphorus dynamics in 
urban soils calls for further investigation (Pulford 1991). In a densely built-up 
environment like Hong Kong, information on N and P fluxes on park soils is scarce. 
Chan (1997) and Chau et aL (2000) explored the N and P mineralization in Hong 
Kong planter soils. However, the study of nitrogen and phosphorus dynamics has 
not yet touched the roadside soils, parks and other greenspaces in urban areas. Are 
the N and P dynamics in urban park soils different from other urban habitats or 
human-altered ecosystems? Are the existing nutrient management strategies 
appropriate for the urban park situation? 
Recognizing the knowledge gap, the present study investigates urban park soils 
in Hong Kong and their nutrient dynamics. Owing to the constraints of time and 
manpower, not all the questions raised above are addressed in the thesis. But 
attempt is made to provide an understanding of nutrient dynamics in park soils. The 
study mainly focused on the soil-vegetation relationship and ecosystem processes in 
the urban park environment, and specifically investigated the nitrogen and phosphorus 
dynamics in such environment. 
1.3 Objectives of the study 
The present research attempts to find out solutions to answer some of the 
mentioned problems with the following specific objectives: 
1. To explore the spatial and temporal differences of urban park soils in Hong 
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Kong; 
2. To understand the seasonal dynamics of nitrogen and phosphorus in urban park 
soils; 
3. To investigate the nitrogen and phosphorus fluxes with different vegetation 
covers and management history. 
To fulfil the above objectives, two parks of similar sizes but of different ages 
were chosen for the study. These two parks are located in two typical land use areas 
in Hong Kong: a commercial district and a residential area. Moreover, the two parks 
also contain diverse vegetation coverage of trees, shrubs, flowers and grass lawns. A 
comparative approach is adopted, aiming at differentiating soil nutrient properties in 
terms of park age, land use, seasonal change, and vegetation type. 
1.4 Scope of the study 
The study was carried out in Kowloon Park and Tin Shui Wai Park, representing 
parks established since 1970s and 1990s; and located in commercial area (Tsim Sha 
Tsui) and residential area (Tin Shui Wai New Town) respectively, in Hong Kong. 
Similar to other local urban park soils, the soils of the parks being studied are 
believed to have different origins, and have been rearranged and altered before and 
during park development and management (Jim 1998e). The present study began 
with a baseline research of the park soil properties. As planting records were not 
available, the background of the soil substrates before being used in the parks were 
not readily available. The age of the park soils is thus assumed as the age of being 
managed in the park, with the time of first opening of the parks as a starting point. 
However, the present study did not aim to follow the change of soil properties with 
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time at time zero. Instead, the two parks were compared retrospectively due to the 
specific objectives and time constraint of the study. Within the limitation of time 
and labour, the present study focused on examining the soil quality on a chemical 
basis, though morphological and physical soil properties are also worth investigating. 
Special concerns were paid on the two most important plant nutrients, nitrogen and 
phosphorus, for their availability in soil is biologically mediated and is sensitive to 
external environmental changes. Besides, the park vegetation was classified into 
two main groups, differentiated by cultivation strategy: trees, shrubs and flowers as 
one group, and turfgrasses as another. 
1.5 Significance of the study 
Traditionally, cities have not been considered objects of study by mainstream 
ecologists. But recently, there is increasing attention on urban ecology, associated 
with new initiatives to understand cities as ecosystems (McDonnell and Pickett 1990). 
As aforesaid, the urban environment has driven the natural processes like litter and 
nutrient turnover into a manner that is unexpected from the commonly held ecological 
concepts. In highly urbanized Hong Kong, the research on nutrient dynamics in 
urban areas will allow us to understand the city in an ecological context. 
Practically, to maintain the vigour of the floral beauty and well functioning of 
urban park vegetation as a recreational resource, horticultural management plays a 
major role. Optimizing the growth of park vegetation requires better understanding 
of the substrates supporting the plants and how they change seasonally, as well as how 
they respond to management inputs. The knowledge of nitrogen and phosphorus 
dynamics under different vegetation covers can lead to more rational judgement on 
the fertilizer use to meet the needs of different vegetation types. Hence, practical 
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guidelines can be derived for landscape managers and horticultural staff in Hong 
Kong. 
1.6 Organization of the thesis 
The thesis covers the details of the present study in seven chapters. The first 
chapter is an overview of the urban park environment in Hong Kong and outlines the 
conceptual framework of the study. Chapter 2 is a review of basic concepts and 
research related to the present study. Chapter 3 describes the characteristics of the 
study area and contains information of horticultural management routines of the parks 
being studied. The study methodologies are explained in detail in the following 
result chapters. Chapter 4 is a baseline survey of soil chemical properties of urban 
park soils under two groups of vegetation: the group consists of trees, shrubs and 
flowers, and the turfgrasses. Chapter 5 investigates the nitrogen dynamics of urban 
park soils, while Chapter 6 deals with the phosphorus dynamics. In these two 
chapters, comparisons of N and P mineralization, leaching and uptake by plants are 
made between vegetation covers, wet and dry seasons, and the two parks. Chapter 
7 contains a summary of the research findings, as well as a discussion on the 
implications of the results and limitation of the research. Suggestions for further 





This chapter is a review of basic concepts and research related to the present 
study. The first section is an overview of the relationship between urban parks and 
the need for urban soil studies. Basic properties of urban soils and problems 
associated with it are presented in section 2.3 along with a review of urban soil studies 
in overseas and Hong Kong. Sections 2.4 and 2.5 discusses the dynamics of the two 
most critical soil nutrients, nitrogen and phosphorus, including concepts of internal 
cycling and transformations within the soil, factors affecting N and P availability, and 
recent research findings related to N and P dynamics in urban soils and in Hong 
Kong. 
2.2 Urban parks and urban soils 
Urban parks are essential facilities in cities and are commonly planned and 
provided by municipal authorities (Miller 1995; Williams 1995). Parks and open 
spaces are crucial for outdoor recreation in towns and cities (Williams 1995). They 
are places to satisfy the human need for leisure and recreation, and provide both 
psychological and physical relief for urban dwellers (Miller 1997). The basic 
element of urban parks is their exhibition of a variety of imitated natural landscapes 
and vegetation cover. Ever since the Victorian Era, public parks were created as 
places of horticultural excellence. Horticultural displays are one of the principal 
reasons why people come to parks (Welch 1995). There is also a tradition that parks 
are good locations for displaying specimen trees and plants (Williams 1995). Indeed, 
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a mixture of various types of vegetation cover for different recreational functions is 
provided in parks and urban green spaces (Miller 1997). 
However, vegetation in most urban parks is growing under stress caused by 
disturbances due to past construction and the resulting soil problems (Quigley 2003). 
Meanwhile, the soils for supporting the diversity of amenity vegetation in the urban 
areas have not been extensively investigated (De Kimpe and Morel 2000). Bullock 
and Gregory (1991) had pointed out that the provision of decent environments for 
urban dwellers and visitors was restricted by a general lack of understanding about 
urban soils. Jim (1998e) similarly observed that soil degradation in most urban 
parks erodes the quality of amenity vegetation and recreational experience. 
2.3 Urban soils: properties and problems 
Urban soil was defined by Bockheim (1974) as "a soil material having a 
non-agricultural, manmade surface layer more than 50 cm thick, that has been 
produced by mixing, filling, or by contamination of land surface in urban and 
suburban areas." Craul (1985) furthered explained that the mixing of soil materials 
occurs during stockpiling, respreading and transportation. It was Hollis (1991), 
however, who gave a broader definition of urban soil as "any unconsolidated mineral 
or organic material at the Earth's surface that has the potential to support plant 
growth". Other than natural soil forming processes, humankind is the most active 
agent that alters natural soils. Inputs of anthropogenic materials and the impacts of 
different kinds of activities (mining, building construction, urban agriculture, 
recreation, etc.) on soils have resulted in unique characteristics of urban soils that are 
different from rural or natural soils (Bullock and Gregory 1991). Though long 
neglected due to its low economic importance (Pulford 1991), urban soils recently 
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attract stronger research interest with growing concern about the environment and 
human health that has arisen from urbanization and increasing urban population 
worldwide (De Kempe and Morel 2000). 
Urban soils are distinguished from natural soils with a number of special 
characteristics devised by Craul (1985, 1992): morphologically, urban soil profiles 
generally show great vertical and spatial variability and modified soil structures. 
Hydrophobic surface crusts on bare soil are commonly found. Physically, soil 
compaction, associated with restricted aeration and water drainage is not uncommon 
for the urban substrates. The soil is also characterized with modified soil 
temperature regimes, and presence of anthropeic materials like masonry, glass, 
building stones and so on. Besides, the physically disturbed soils also carry peculiar 
chemical properties, distinctively the elevated pH levels caused by the release of 
calcium from weathered construction rubble, and contamination with heavy metals 
and other pollutants. Moreover, interrupted organic matter and nutrient cycling in 
urban soils have resulted in poor soil nutrient availability. As most urban soils do 
not rest on parent material, the soils do not receive nutrients released from inorganic 
material weathering. 
More importantly, however, the above characteristics are also constraints to 
vegetation growth in urban areas. Loss of structures and soil profile modifications 
give rise to soil compaction, decreased aeration, decreased soil drainage and 
water-holding capacities, which restrict root penetration by plants (Craul 1994). 
2.3.1 Overseas studies about urban soils 
Various overseas researchers have carried out studies about the physical and 
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chemical properties of urban soils. Short et aL (1986) studied the soil characteristics 
of the Mall in Washington, DC. The soils were found to be mixed with 
human-deposited materials with lithologic discontinuities in 95% of the soil profiles 
examined. Buried A horizons were also identified. Moreover, the loamy soil 
textures were found conductive to compaction as high bulk densities, high mean 
particle densities and limited pore space were measured. Short et aL (1986) also 
reported that mean pH levels of all horizons were 6.2 or higher. Organic matter of 
the mall soils tended to be variable with depth, and heavy metal contents were 
observed to be elevated. 
The variability of properties of urban and suburban soils was further 
unravelled by SchleujS et al. (1998) in Northern Germany. Soil properties differed 
widely as a result of different land uses; and the profiles and material deposited reflect 
the history of human activities in the area. Sharp transitions were often found 
between horizons. The number of different layers and the abundance of 
anthropogenic materials increased with decreasing age and increasing intensity of 
human settlement. 
Besides soil morphological and chemical properties, the physical problem of 
urban soils was addressed by various researchers (Lichter and Lindsey 1994; Rolf 
1994; Costello et al. 1994). 
2.3.2 Urban soils in Hong Kong 
Documentation of Hong Kong urban soil characteristics and its problems has 
largely been done by Jim (1993a, 1993b, 1998a, 1998b, 1998c, 1998d, 1998e, 1998f, 
1999, 2001). In most of these studies, several features of urban soils in Hong Kong 
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have been identified. 
Morphologically, urban soils do not have natural pedological horizons. The 
profiles observed reflect complex disturbance history, as there are pronounced 
separated layers, each less than 20 cm thick (Jim 1998a). The layers are very 
different in soil colour, texture and structure due to batch differences of fill materials 
that were deposited layer by layer. Structural degradation and compaction occur in 
both surface soils and subsoils (Jim 1998d). 
The majority of urban soils in Hong Kong are coarse-textured and mainly 
sandy loam, loamy sand and sand under the USDA classification. Soils used for 
landscaping are often massive or single-grain in structure, poorly aggregated, with 
very high bulk densities. The general absence of soil organic matter arrests the 
development of soil structure (Jim 1993b). 
In terms of chemical properties, Hong Kong urban soils have elevated pH 
levels ranging from slightly to strongly alkaline. The small amount of organic 
matter content in soils implies deficiency of nitrogen and phosphorus. Moreover, 
low total nitrogen levels are often associated with very high C:N ratios (47.8:1 on 
average), so that immobilization of inorganic nitrogen occurs (Jim 1998a). Cation 
exchange capacity is found below the tropical norm defined by Landon (1991), with 
8.2 cmol kg-丨 on average. In addition, due to the poor air quality in Hong Kong, 
heavy metal concentrations in soils (such as lead, zinc and cadmium) are elevated 
(Jim 1998b). 
Locally, studies were carried out on soils in different urban habitats, such as 
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urban parks (Lai 1994; Jim 1998e), street planters (Chan 1997; Ho 1999)，roadside 
tree pits (Jim 1997，1998f) and sports grounds (Lee 1994). A summary of selected 
soil properties in various sites around Hong Kong is shown in Table 2.1. Stony soils 
were reported in Victoria Park, planters in Wan Chai District, roadside tree pits, and in 
Mongkok Stadium. Roadside soils had higher stone content than other areas, with 
an average of 42.9% reported by Jim (1998f). Sandy textures and very low clay 
contents could be found in all habitats, as decomposed granite is usually used as the 
planting substrate in Hong Kong (Jim 1996). Planter soils in Wan Chai District had 
the lowest clay content among the sites, with 2.2% clay for topsoils and 2.1% for 
subsoils (Ho 1999). 
Soils in different habitats varied in chemical properties. Soil reaction (pH) 
ranged from strongly acidic (4.65) in Victoria Park to strong alkaline (8.65) in 
roadside soils. Alkaline reactions were caused by the presence of calcareous 
construction rubbles in the soil profile. Soil organic matter contents of surface soils 
were comparable among sites and ranged from 3.05 - 4.65 %. In addition, higher 
values were recorded in topsoils than subsoils. The very low values of SOM in 
Victoria Park and Mongkok Stadium reflected the inherent poor quality of the 
substrate used as well as severe and prolonged disturbance by human trampling and 
compaction (Lee 1994; Jim 1998e). Infiltration and transmission of air and water 

























































































































































































































































































































































































































































































































































































































































































































































































Total nitrogen content was generally poor in different urban habitats. Only 
the soils in Lei Yue Mun Park and Morse Park, and topsoils from Wan Chai planters 
and Hong Kong Stadium had total N values above the critical point (0.2%) according 
to Landon (1991). Poor nitrogen content may result from soil organic matter 
deficiency (Jim 1999). On the other hand, the available phosphorus content of urban 
park soils was found to be almost negligible as reported by Jim (1998) and Lai (1994), 
while planter soils in Central, Kwun Tong and Wo Che were very high in P (Chan 
1997). This may be a result of differences of profile characteristics, level of 
disturbance and management practice between park and planter environments. 
Although concentrations of cation nutrients varied among habitats, patterns of 
quantity ranking of Ca, K, Na and Mg followed the same trend: Ca > Mg > K > Na. 
Comparing among habitats, park soils had relatively low content of exchangeable 
cations, while planter soils had much higher concentrations (Chan 1997). 
Overall, soils in urban parks, planters, roadside tree pits and sports grounds in 
Hong Kong showed similar characteristics that were suggested by Craul (1985), 
especially the great variability, elevated soil reaction and contamination of anthropeic 
artifacts. From the above review of urban soil studies in Hong Kong, nutrient 
concentrations in urban park and roadside soils seemed to be much lower than other 
sites. The impoverished subterranean planting environment is the result of 
substandard soil building and management practices in Hong Kong (Jim 2001). 
Unsatisfactory substrates of mixed sources and qualities usually lack of normal soil 
fauna and microbial activity and thus have limited nutrient dynamics. The substrate 
problems have not been solved so far because of a paucity of arboricultural expertise 
2 0 
in Hong Kong that treasure quality nursery practices, landscaping workmanship, 
better soil specifications and fertility management. These shortcomings could lead 
to massive demise of trees (Jim 1993a). 
Much attention was paid to aboveground hard structures and amenity 
vegetation during planning, construction and maintenance of urban parks. However, 
it was often taken for granted that the substrate underground will always be suitable 
for planting (Jim 1998e). Moreover, visitors heavily accessed green areas in the 
parks. Lai (1994) observed that visitors tended to carry out recreational activities 
under the foliage of big trees and around chair-stands, causing spatially varied soil 
compaction. The magnitude of soil degradation in general was largely related to the 
intensity of trampling pressure, but park management had failed to bring 
improvements. Consequently, Jim (1998e) succinctly stated, that "The park soil has 
been trapped in a vicious circle which begs a bold departure from deeply ingrained 
and often inappropriate practices. Park management thus far has not been able to 
provide lasting solutions. The range of problems is large, encompassing both 
surface and subsurface, inherited and user-caused, physical and chemical, and 
compositional and behavioral." 
In such disturbing urban park environment, soil degradation is not only caused 
by physical stresses, but also the consequential interruptions of soil nutrient 
accumulation, transformation and loss. Therefore, the following sections will focus 
on reviewing the internal cycle of the two most critical macronutrients in soil, 
nitrogen and phosphorus; and the research progress of N and P dynamics in urban 
areas and soils in Hong Kong. 
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2.4 Nitrogen dynamics 
Among the different kinds of nutrients needed by plants, nitrogen is most 
frequently studied for understanding nutrient dynamics. N is the most limiting 
nutrient that controls plant growth. It is an integral component of many essential 
plant compounds. As a major part of all amino acids, the building block of proteins 
and enzymes in plants, the availability of nitrogen can stimulate root growth and 
enhance uptake of other nutrients. Indeed, N particularly encourages foliage growth 
and gives leaves a deep green colour (Brady and Weil 1996). 
2.4.1 The internal N cycle and N transformations in soil 
In the nitrogen cycle, N may appear in many different chemical forms 
associated with different properties, behaviors, and consequences for the ecosystem. 
The greatest amount of nitrogen in terrestrial ecosystems is contained in soil (Brady 
and Weil 1996). In the soil system, N cycling involves the gain, loss and 
transformation of N in organic and mineral forms (Stevenson 1985). 
Natural sources of nitrogen in soil are the precipitation of atmospheric 
nitrogen, recycling of decomposed organic debris, and biological N fixation by 
leguminous plants. The anthropogenic contribution of nitrogen to soil is mainly 
attributed to the washing down of air pollutants and applications of fertilizer-N in 
cultivation. 
According to Barber (1995), soil nitrogen is mainly in five different forms, 
which are: nitrogen in organic matter; mineral nitrogen in the soil solution and 
exchange sites; nitrogen in plant residues in the soil; ammonium fixed in clay 
minerals; and gaseous nitrogen in the soil's atmosphere. 
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Primarily, most soil nitrogen is in the soil organic fraction. About 95 - 99% 
of soil nitrogen is in organic compounds that protect it from loss but are largely 
unavailable to plants (Brady and Weil 2002). The interchange of N among various 
forms (organic/mineral/gaseous) is basically microbiologically mediated (Paul and 
Clark 1996). The process that converts N in organic matter or organic N to inorganic 
(mineral) forms is mineralization. Heterotrophic organisms in soils transform 
organic N into ammonium (NH4-N). Hence, ammonium can be further transformed 
into nitrate (NO3-N), that is, nitrification. Mineral forms of N (ammonium and 
nitrate) thus became readily available for plant uptake. As NO3-N has to be 
produced from NH4-N, nitrification is somehow controlled by the substrate 
availability of ammonium (Tate III 2000). 
Nitrogen mineralization occurs simultaneously with immobilization, which 
converts inorganic nitrogen ions into organic forms. During the decay of organic 
residues, the growth of microbial colonies may require more N than is contained in 
the residues themselves (Brady and Weil 2002). Thus, microorganisms incorporate 
mineral N to synthesize cellular components like proteins. Release or fixation of 
mineral N from or into soil organic material depends on the carbon to nitrogen (C:N) 
ratio of the organic matter decomposed. Foth and Ellis (1997) suggested that 
substrates with C:N ratios above 35 are not likely to contain enough mobile N to meet 
microbial need. Stevenson and Cole (1999) postulated that when C:N ratio is below 
20，net mineralization occurs. Between ratios of 20 to 30，there will be no net gain 
or loss of mineral nitrogen. If the ratio is over 30, net immobilization will occur. 
Mineral forms of N can be lost from the soil system through different paths. 
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The main processes for N loss are: bacterial denitrification, chemodenitrification, 
volatilization, leaching and erosion (Stevenson and Cole 1999); as well as 
immobilization and plant uptake (Brady and Weil 2002). 
Furthermore, while the gaseous loss of N includes volatilization of NH3, 
NO3-N as a relatively mobile form of mineral N in the soil is more susceptible to 
leaching (Barber 1995). The magnitude of nitrate leaching depends on the quantity 
of NO3-N available, the amount and time of rainfall, infiltration and percolation rates, 
evapotranspiration, the water-holding capacity of soil, and the presence of growing 
plants (Stevenson and Cole 1999). 
2.4.2 Factors affecting nitrogen dynamics in soil 
As fluxes of nitrogen in soil are biologically mediated, factors affecting 
nitrogen availability are similar to those factors controlling microbial activities. 
Moisture and temperature, soil reaction (pH) and soil texture, substrate availability of 
N and litter quality, and human alteration of aboveground vegetation and underground 
soil can affect the amount of N mineralized, thus affecting the availability of N to 
plants (Stevenson and Cole 1999). These factors have been widely examined for 
agriculture and forestry applications. But there is a dearth of knowledge on how 
these factors affect the availability of N in urban soil systems. 
(i) Soil moisture and temperature, seasonality and spatial variation: 
Soil moisture content has a very important effect on microbial activity and 
thus on N fluxes in soil. Theoretically, microbes are most active in soil with 60% of 
the pore space filled with water (Brady and Weil 2002), and nitrification peaks at this 
moisture level. Indeed, fluctuations in soil moisture, i.e. wetting and drying, have 
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generally been shown to induce flushes of mineral N levels (Sparling et al 1995; 
Fierer and Schimel 2002). 
Temperature usually works simultaneously with moisture on N mineralization. 
Optimal temperatures for microbial activity and mineral N production (especially 
nitrification) are commonly reported to be between 30 to 35°C (Paul and Clark 1996; 
Foth and Ellis 1997; Tate III 2000; Brady and Weil 2002). 
Temporal changes in soil moisture and temperature imply seasonal variation of 
nitrogen content in soils. Nadelhoffer et al. (1984) found pronounced seasonality of 
N mineralization in nine temperate forests. Net ammonification rates showed greater 
seasonal fluctuation than did nitrification rates; and plant uptake of NO3-N was 
reportedly greater than NH4-N. Therefore, the stable occurrence of nitrification 
could serve to buffer fluctuations in N availability. Despite the variability of 
monthly N mineralization rates that was observed, the nitrate supply was consumed 
steadily throughout the growing season. In microsites of a dry tropical forest, 
NO3-N pool dominates in wet season, while the NH4 pool dominates in dry season 
(Roy and Singh 1995). 
The spatiality of N mineralization patterns in forest ecosystems is governed by 
changes in environmental conditions (Van Miegroet and Johnson 1993), such as the 
spatial distribution of temperature and soil moisture content; composition and degree 
of heterogeneity of forest cover; influence of topography and resulting different litter 
quality and N availability. In grassland ecosystems, spatial variation in nitrogen 
transformations has resulted from long-term topographic influences on soil natural 
drainage, growth performance of grasses, and water and nutrient redistribution (Corre 
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et al 2001). 
(ii) Soil pH and texture: 
The optimal pH level for nitrification vary from 6.6 - 8.0 (Paul and Clark 
1996; Tate III 2000). Nitrifier activity decreases below pH 6.0 and becomes 
negligible below 4.5. Marafa (1998) reported that the optimum pH for 
ammonification is 6.0 - 6.5 and 6.5 for nitrification. The effect of pH on nitrogen 
influx seems to be highly variable (Barber 1995). The study of Sapek (1996) found 
that higher pH increases the efficiency of nitrification, while lower pH favors the 
accumulation of ammonium. Similarly, Vinther and Eiland (1996) showed that 
nitrification rates increases with increasing soil pH. Conversely, Yau (1996) 
observed a different trend that ammonification was greatly enhanced by the addition 
of lime, but nitrification was not responsive with changes of pH level and liming dose. 
Nitrogen mineralization tends to be higher in mineral soils with a coarser 
texture (Cote et al 2000). However, Debosz et al (1996) found a significant 
positive correlation existed between N mineralization and clay (<0.002 mm) and fine 
silt (0.002 - 0.063 mm) content of soil. 
(Hi) Litter quality and C: N ratio 
The carbon content of plant debris is an energy source for microbial processes, 
which are the driving forces of nitrogen transformation in soil (Coleman and Crossey 
1996). Plants contain variable concentrations of protein, hemicellulose, cellulose 
and lignin (Paul and Clark 1996). The pace of organic matter decomposition, and 
thus the release of mineral N, can be affected by the relative abundance of protein, 
lignin, cellulose and other substances in plant litter. 
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(iv) Disturbance 
Soil and vegetation disturbances, such as soil compaction and changes in 
forest cover, may modify the N dynamics. Soil compaction (high bulk density) 
hampers the activity of soil organisms, thus retarding the turnover rates of organic 
compounds and microbial biomass (Van der Linden et al 1989). Furthermore, 
Breland and Hansen (1996) showed that soil compaction reduced the net 
mineralization of N compared to uncompacted soil. This reduction of N 
mineralization was caused by increased physical protection of organic materials 
against further attack by microorganisms. In addition, the negative effect of 
compaction was found to be stronger at higher soil moisture content (Breland and 
Henson 1996). 
(V) Fertilizer input and management intensity 
Application of nitrogenous fertilizer generally promotes nitrogen 
mineralization. Fertilization can encourage the development of a larger plant root 
system, improve soil aeration, and effectively activate N mineralization in a larger 
volume of soil (Vinten and Smith 1993). Using fertilizer that contains more 
ammonium than nitrate leads to a predominance of ammonification (Chau et al 2000). 
This effect is accelerated with the preference of plant consumption of NH4 over NO3, 
and the keen competition that occurs between plants and microbes for ammonium, 
thus reducing the amount of substrate for nitrifiers. Moreover, higher management 
intensity, including irrigation and fertilizer inputs tends to enhance N mineralization 
in planter soils (Chan 1997). However, the overall bioavailability of N is uncertain 
under the mixed effect of soil-derived mineral N and N fertilization. Immobilization 
of N is also facilitated by addition of mineral fertilizers (Chau et al. 2000). Watson 
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and Mill (1998) reported that nitrification and denitrification in grassland soil was 
highly influenced by the intensity of previous management as nitrification was greater 
in soils with a history of high N inputs. 
2.4.3 N dynamics in urban areas 
Pulford (1991) stated that due to the impoverished nature of urban substrates, 
N mineralization is often inhibited and associated with stronger immobilization, 
denitrification and volatilization. Moreover, organic matter in urban soils is lost 
from topsoil by oxidation, erosion or removal of topsoil, resulting in poor N 
availability. 
There are several studies on N fluxes in urban soils, conducted by Pouyat et al 
(1997), Chan (1997), Pouyat and Turecheck (2001), and Baxter et al. (2002). Pouyat 
et al. (1997) investigated the litter mass loss and soil N transformation of oak forests 
along an urban-rural gradient in New York City. Both the mass loss of litter and 
nitrogen released from litter were greater in urban oak stands than in rural ones. It 
was believed to be due to higher urban temperatures and more vigorous earthworm 
activity, which may induce the higher litter decomposition rates in urban areas. 
Additional factors may include atmospheric deposition of N from automobile exhaust, 
low heterotrophic demand for N and low retention of N in the litter layer. Moreover, 
a further study of the same urban-rural transect (Pouyat and Turecheck 2001) has 
shown that urban and suburban soils accumulated more inorganic N than rural soils. 
Higher N mineralization and nitrification rates were also found in urban stands, which 
were contrasting to what was indicated by Pulford (1991) from above. However, as 
no significant correlations between C:N ratios of litter and soil organic matter with N 
transformation rates are found, Pouyat et al, (1997) recommended further 
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investigation in order to determine how substrate quality is affected by urban 
environments. 
Similarly, Baxter et al (2002) believed that nitrogen availability in urban soils 
is influenced by anthropogenic impacts (such as the deposition of atmospheric 
pollutants, heavy metal contamination and exotic species invasion), and nitrification 
rates were found higher in urban forest soil. Additionally, root demand for 
ammonium was higher in urban oak stands, while the demand for nitrate was higher 
in rural stands. 
2.4.4 Research of N dynamics in Hong Kong 
Most of the nitrogen dynamics studies in Hong Kong were done for the 
understanding of fire disturbance effects on vegetation and soils (Yau 1996; Marafa 
1998)，and restoration of degraded forest ecosystem (Tsang 1997). Yau (1996) 
showed that there was an ammonium flush in newly burnt sites and a domination of N 
immobilization one year after bum. The study suggested that the burnt site has 
evolved mechanisms to conserve nitrogen after a disturbance, including a high 
immobilization rate of NH4-N, a low nitrification rate, rapid uptake by plants and low 
leaching loss. The results were indicated by Marafa (1998). Furthermore, Marafa 
(1998) observed a parabolic pattern of N mineralization along a vegetation 
chronosequence after the absence of fire. Net N mineralization increased from one 
year after fire, peaked in sites with 3 and 6 years after fire, before declining in a site 
that had 17 years without fire. Through laboratory stimulations, both researchers 
found that liming can enhance NH4-N production. But the addition of phosphate 
tended to suppress ammonification in soil (Yau 1996). 
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In the study of borrow area restoration in Hong Kong, Tsang (1997) suggested 
that nitrogen mineralization rates tends to be lower with severe ecosystem disturbance, 
particularly, soil destruction. As like a fire prone environment, immobilization of N 
tends to be higher with greater degree of disturbance. 
2.5 Phosphorus dynamics 
Phosphorus is second only to nitrogen in importance to plant growth. It is an 
essential component of the organic compound adenosine triphosphate (ATP), which is 
vital for the vigor of living cells in plants and animals. As an important plant 
nutrient, P encourages the development of lateral roots and fibrous rootlets and 
enhances the fundamental processes of photosynthesis, nitrogen fixation, flowering, 
fruiting, seed production and maturation (Brady and Weil 1996; Stevenson and Cole 
1999). Plants suffering from phosphorus deficiency will show stunted growth, 
weaker straws or stalks, purple pigmentation in leaves and delayed maturity. 
However, the usually rapid reactions of the mineral P with other chemical compounds 
in soil greatly reduce its availability to plants. 
Similar to losses of nitrogen, a loss of phosphorus from the soil system is of 
great concern. Losses of P in soil particles due to erosion and water runoff will 
cause land degradation. Moreover, excess use of P fertilizers and leaching of P may 
cause eutrophication of water resources (Stevenson and Cole 1999). 
2.5.1 Gains and losses of P from soil system 
In natural ecosystems, the phosphorus cycle is virtually closed, and most P 
available to plants is recycled through microbial breakdown of litter and organic 
debris (Stevenson and Cole 1999). Sources of P input to the soil originate mainly 
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from the decomposition of plant residues, animal manure and other organic matter 
such as dead soil organisms. In cultivated soil systems, fertilizer P is an important 
nutrient source for plants. Any mobile, water-soluble form of P in soil solution may 
quickly be transformed into insoluble mineral compounds or may be incorporated into 
soil organic matter (Brady and Weil 2002). Therefore, the leaching of P is not likely 
to happen except when the amount of soluble P exceeds the adsorption capacity of 
soil. Due to the usually low solubility and high sorption capacity of soil for the 
mineral P, P loss is mainly by way of soil erosion (Stevenson and Cole 1999). 
2.5.2 Forms and transformations of phosphorus in soil 
Generally, soil P can be divided into organic and inorganic forms. Unlike in 
the nitrogen cycle, there is no gaseous form of P in the phosphorus cycle. The 
inorganic soil P is found in various phosphate compounds with different levels of 
solubility. Its availability is controlled by fixation and desorption reactions. On the 
other hand, the interchange of P between organic and mineral forms is generated by 
microbial activity. 
Organically bound P constitutes 15 - 80% of the total phosphorus in soils 
(Stevenson and Cole 1999), but levels may range from as low as 5% to as high as 
95% (Paul and Clark 1996). Organic forms of P are distributed among the active, 
slow and passive fractions of soil organic matter and the soil microbial biomass 
(Brady and Weil 2002). Naturally, a large amount of organic P is immobilized in soil, 
and only a small portion is biologically active. This results in rapid turnover of P 
among the soils, plants and microflora and fauna (Wetzel 1999). 
Like soil nitrogen, organic P can be released in inorganic form through 
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mineralization, simultaneously with the immobilization of soluble P. Mineralization 
of organic P is subjected to similar factors that control organic matter decomposition 
and microbial activity, such as temperature and moisture. Net P mineralization from 
plant residue occurs when the carbon to phosphorus ratio is below 200:1 (Brady and 
Weil 2002; Stevenson and Cole 1999). If the C:P ratio is greater than 300:1，net 
immobilization will occur (Brady and Weil 2002; Stevenson and Cole 1999). 
Furthermore, Frossard et al. (1995) reported that most plant residues have C:P ratios 
of 140 or greater, and P mineralization from soil biomass is more likely when C:P 
ratios are near 30 — 50. 
However, only a tiny amount of mineral P exists in soil solution at any one 
time. The availability of this P fraction is complicated by ion association and pH 
effects as well as the amount of P adsorbed on the surfaces of clay minerals (Paul and 
Clark 1996). Inorganic P can be fixed into two main types of compounds with 
different soil pH levels (Holford 1997). In alkaline soils with high pH values, P is 
associated with calcium compounds. In acidic soils with low pH values, P is fixed 
into iron and aluminum compounds. The portion of P adsorbed on the surfaces of 
soil compounds (such as iron and aluminium oxides) and the external surfaces of clay 
particles can be regarded as liable P (Barber 1995; Foth and Ellis 1997). This 
fraction of fixed P is relatively extractable by plants or chemical extractants. 
However, solubility of this P fraction decreases with increasing time (Brady and Weil 
2002). Freshly fixed phosphorus may undergo further reactions and become more 
bound into the inner structures of clays, hydroxides and carbonates, hence becoming 
an integral part of mineral compounds. Inorganic P at this phase is least soluble and 
is said to be precipitated or occluded. Over 90% of P in soil is in insoluble forms 
(Stevenson and Cole 1999), and this fixation is largely irreversible. However, 
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several mechanisms exist to remobilize fixed P. 
Soil pH level determines the degree of P fixation and remobilization of fixed P 
in soil. Phosphate fixation is low if the pH level can be maintained between 6.0 and 
7.0 (Paul and Clark 1996; Brady and Weil 2002). A decrease in pH of strongly 
alkaline soils or an increase in pH of strongly acidic soils may increase the solubility 
of Fe/Al phosphates or Ca phosphates. 
Biologically, soil microorganisms may help to solubilize fixed P, and the 
bacteria species Pseudomonas and Bacillus are involved in this process (Paul and 
Clark 1996). Also, organic acids released from microbial activities can reduce the 
number of Fe, Al and Ca cations through chelation, hence can help preventing P 
fixation (Paul and Clark 1996). Therefore, conditions that favor the activities of 
microorganisms also encourage the solubilization of insoluble phosphates, as well as 
to reserve liable P. In addition, some plants that have a symbiotic relationship with 
mycorrhizal fungi are also able to absorb the P fixed in strongly acidic soils (Tate III 
2000). 
Furthermore, in anaerobic conditions, the reduction of iron complexes can 
help to release phosphorus into solution. In tropical agriculture, reducing conditions 
caused by flood irrigation can increase pH values and alter the amorphous Fe and Al 
content of soils, thus making P more available to plants (Schreier et al 1999). 
2.5.3 Factors affecting P dynamics in soil 
Environmental changes and human activities have influences on phosphorus 
dynamics in soil. Factors that affect the vigor of microorganisms, which include 
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temperature, moisture and pH level; plus human cultivation inputs and vegetation 
removal, similarly affect P availability. Some of these factors were addressed in recent 
literatures. A few examples of these factors are addressed below. 
(i) Fluctuations of soil moisture 
Drying and rewetting of soil have similar stimulating effects on P 
mineralization like N mineralization. The study of a Florida spodosol by Grierson et 
al. (1998) suggested that net P mineralization in rewetted soils progresses in three 
stages. Firstly, there is an initial flush where inorganic P is released to the soil 
solution. Secondly, there is a lag of a few days when there is no net release of P. 
Finally there is a period during which microbial biomass has recovered sufficiently to 
mineralize P from soil organic matter. Additionally, drying and rewetting soils 
associated with lime treatment markedly increased extractable P and plant uptake of P 
(Chepwony et al. 2001). Shrinking and swelling of soil during drying and rewetting 
physically disrupts soil aggregates, thus exposing organic matter that was previously 
inaccessible to microbial attack. Drying causes the death of microbes, and dead cells 
become readily available substrates for the surviving microbial community upon 
rewetting. 
(ii) Liming and pH adjustment 
The effect of liming on P availability in acidic soils is uncertain. Using lime 
to neutralize acidic soils may help P desorption (Brady and Weil 2002). However, 
attempts to increase P availability in highly weathered acid soils through liming is 
often unsuccessful (Stevenson and Cole 1999)，because liming leads to the formation 
of insoluble Ca-phosphates, which counteract the effect of pH on the solubilization of 
fixed P. Frossard et al (1995) further observed that liming acid soils can increase 
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the negative soil charges that compete for P sorption sites. However, liming also 
causes the precipitation of exchangeable Al as hydroxy Al polymers, resulting in the 
formation of newly active sorbing surfaces. Curtin and Syers (2001) found that lime 
application decreases P extractability and increase P adsoption. P fertilization after 
liming is still necessary to augment plant needs. However, lime application did not 
induce any significant change of phosphorus availability in a fire prone environment 
in Hong Kong (Yau 1996). As a result, the net liming effect on P availability is thus 
uncertain. 
(iii) Cultivation and management intensity 
Under intensive cropping systems, mineral P input is a more important source 
of liable P than organic P, as the plant P is frequently harvested (Guo et al. 2000). 
Soil use and management can influence P status of soils (Leinweber et al 1999). 
The application of mineral fertilizers, conservation of soil organic matter, 
maintenance of biological activity can all increase liable phosphorus. In addition, 
similar to N mineralization, P mineralization tends to be higher with more intensive 
management practices (Chau et al 2000). 
(iv) Vegetation cover and disturbances 
Phosphorus dynamics can vary under different vegetation covers. Soils 
under Radiata pines can mobilize more soil organic P and mineralize more P than 
perennial ryegrass, due to a greater level of activity of microorganisms and enzymes 
in the rhizosphere (Chen et al 2002). 
Research on P transformations at previously forested sites cleared to create 
pasture land in the Brazilian Amazon (Garcia-Montiel et al. 2000) found that P 
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released from the aboveground forest biomass substantially increases available P at 
three to five years after forest clearing and burning. However, over the long term, 
the cutting and burning of biomass catalyzes the P changes from non-occluded to 
occluded and organic P forms. Garcia-Montiel et al (2000) further indicated that this 
process occurs in less than 50 years, instead of the thousands of years required for the 
same transformation to occur during primary forest succession. 
2.5.4 P dynamics in urban areas 
P dynamics in urban soils tend to be unusual. The comparison of urban and 
rural forests in New York by Baxter et al (2002) showed a lower liable P in urban 
forest soils than in rural counterparts. This phenomenon was possibly due to the 
mixing activity of exotic earthworms in urban forest soils, as a result of which more 
mineralized P in soil humus was exposed to Al and Fe oxides. Besides, urban forest 
litter was more recalcitrant than rural litter, thus retarding P mineralization. 
Moreover, anthropogenic N deposition can lower P availability by altering the balance 
of N and P in soils (Baxter et al 2002). 
Evidence from Chan's (1997) study in Hong Kong shows that P mineralization 
and plant uptake of P in the planter soils in industrial areas is extremely low when 
compared to uptake in commercial and residential areas. This suggests that pollution 




3.1 General situation of Hong Kong and the study locations 
Hong Kong is located to the southeast of Mainland China, adjoining the province 
of Guangdong, and lies between latitudes 22�35, and 22°8' North, longitudes 113�49’ 
and 114031，East. Within a land area of about 1102 km^ the city accommodates a 
population of 6.82 million, and has a population density of 6,300 persons per km^ 
(Hong Kong Fact Sheets 2004). Hong Kong is well known for her rapid and 
compacted urban development. Among the closely-packed high-rise buildings, 
urban parks are the major open greenspaces in the urban area. They are the "green 
islands" in each developed district, and provide amenity and recreational spaces for 
residents. In the present study, large parks of similar sizes in two distinct land use 
areas were chosen as the study sites: Kowloon Park in Yau Tsim Mong District, and 
Tin Shui Wai Park in Tin Shui Wai New Town. The Yau Tsim Mong District 
represents a commercial-residential area, while Tin Shui Wai New Town is a 
residential area under planning and development by the government. 
The Yau Tsim Mong District is located on the southern Kowloon Peninsula, 
bounded by the waterfront to the south and west, the Kowloon Canton Railway line to 
the east and Boundary Street to the north (Figure 3.1). The district consists of Yau 
Ma Tei, Tsim Sha Tsui and Mongkok, with a total land area of 7 km^ and there are 
280,000 residents in the district. The major economic activities in the district are 
commerce, retail and tourism, which are mostly concentrated in Tsim Sha Tsui 
(District Council 2004). In particular, Tsim Sha Tsui at the south most of the district 
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is characterized by modem commercial buildings, shopping centers and high-class 
hotels. The area has long been renowned as a tourist attraction, where tourists can 
enjoy the scenery of Victoria Harbour at the waterfront, visit museums and go 
shopping. Greenery are scattered in the park and gardens established in Tsim Sha 
Tsui. There is Kowloon Park in the centre, Tsim Sha Tsui Promenade at the south; 
Centenary Garden, Signal Hill Garden, Wing On Plaza Garden, Mody Road Garden 
and Hong Tat Path Garden to the east of Tsim Sha Tsui. 
The Tin Shui Wai New Town is developed in the northwestern part of New 
Territories, the west side of Yuen Long District (Figure 3.1). The town covers an 
area of 4.3 km^ and was built on land reclaimed from low-lying areas off Deep Bay. 
The initial development of 220 hectares of land (the Development Zone) began in 
1987 and was completed in 1995 as a self-contained community to accommodate a 
population of 200,000. Upon full development, the designed population capacity of 
Tin Shui Wai will reach 305,000 in 2011 (Territory Development Department 2004). 
The site was initially a coastal mudflat made of fine-grained sediments established 
with fish farms. The town has taken up the abandoned fishponds with the entire land 
surface raised by a cap of marine sands excavated from offshore shaol. Besides, the 
Tin Shui Wai New Town was endowed with large-scale landscaping, which includes a 
large town park and extensive roadside planting (Jim 1993a). The major open space 




























3.2 Background of the Kowloon Park and Tin Shui Wai Park 
The Kowloon Park was built on levelled hill slopes in the heart of Tsim Sha Tsui, 
where previously Whitfield Barracks (built in 1861) stood. The 13.47 hectares park 
was opened to the public in 1970, and was redeveloped with funding offered by Hong 
Kong Jockey Club to its present look in 1989 (Plate 3.1a & b), with the original 
Chinese Garden and Aviary were preserved. At the time of opening, the renovated 
park was expected to serve primarily the local residents and with a capacity of about 
120,000 visitors per week, four times of the visitor figure of the largest park - Victoria 
Park at that time (34,000 per week) (SCMP 1989). Nowadays, the park is not only 
popular among local citizens, but also among tourists visiting Hong Kong. The 
Kowloon Park provides a wide range of facilities to accommodate both active and 
passive recreation activities. Indoor facilities include a swimming pool complex and 
indoor games hall. Outdoor facilities include various theme gardens and walks, 
including the Chinese Garden and Sculpture Walk; Bird Lake and Aviary; children 
playgrounds, fitness trail and mini soccer pitch. 
The Tin Shui Wai Park is located at the heart of Tin Shui Wai New Town with a 
total area of 14.8 hectares (Plate 3.2a & b). The park is surrounded by residential 
housing including Tin Shui Estate and Tin Yiu Estate, Kingswood Villas and 
Kingswood Ginza. Funded by both the government and private sector, park 
construction was carried out in two phases and has been fully opened to the public 
since 1997. The park was designed with a "subtropical" theme incorporating the 
concepts of "Tin" (sky) and "Shui" (water). Thus the park is characterized with 
water features, which are the fountains and artificial lake. Facilities in the park are 
provided to meet the needs of different age groups, which include a Tai Chi area and 
the elderly fitness comer for the old people; play areas for children; skateboard and 
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(a) A view in Kowloon Park (towards the Indoor Sports Complex) 
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(b) Location of Kowloon Park in Tsim Sha Tsui ‘ 
Plate 3.1 Kowloon Park 




醒Ii j J 
(a) A view in the Tin Shui Wai Park (towards the Fountain Plaza) 
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(b) Location of the park in Tin Shui Wai New Town^ 
Plate 3.2 Tin Shui Wai Park 
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model car play areas for teenagers; and sports facilities like basketball court, tennis 
courts, gateball court, jogging trail and fitness stations. The park is also largely 
covered with landscaped gardens and sitting-out areas, associated with open lawns. 
3.3 Climate 
Hong Kong experiences a sub-tropical climate and is characterized by marked 
seasonality, due to the influence of monsoons (Chin 1986). The summer in Hong 
Kong is hot and humid, while the winter is cool and dry. From 1961 to 1990, the 
mean annual rainfall is 2,123.3 mm and the mean annual temperature is 22.9°C. Air 
temperature varies within a wide range of about 13°C, from 15.8°C in January to 28.8 
°C in July. Spatially, the mean annual rainfall ranges from around 1,300 mm at 
Waglan Island to more than 3,000 mm in the vicinity of Tai Mo Shan. Rainfall 
concentrates in the summer months as about 80% of annual rainfall falls between May 
and September. 
The fieldwork was carried out in the period from June 2002 to February 2003. 
The monthly rainfall and mean monthly temperature during this period are shown in 
Figure 3.2. The rainfall concentrated in June to September 2002 and peaked in 
September (723 mm). The lowest rainfall was recorded in February 2003 (15.1 mm). 
Mean monthly temperature was the highest in July 2002 (28.9°C) and lowest in 
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Figure 3.2 Mean monthly temperature (�C) and monthly rainfall (mm) of Hong Kong 
during the study period. 
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Figure 3.3 Monthly rainfall (mm) recorded from the nearest weather stations of the 
two parks, during the study period. 
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Furthermore, the rainfall patterns in the two study areas were similar to the trend 
over the territory (Figure 3.3). Comparing the rainfall records from the nearest 
weather stations of the two parks, Tin Shui Wai received lower amount of rainfall than 
Kowloon Peninsula during June to October, but slightly higher in the dry months 
(December to February). These could be attributed to the rain shadow effect. The 
new town is beyond the reach of summer monsoons at the leeward side of the 
northeast-southwest oriented mountain range in Hong Kong. 
3.4 Park vegetation 
Vegetation in Hong Kong urban parks is mainly composed of tropical ornamental 
plant species, with a small number of valuable remnant specimens preserved and 
blended into the landscape. Since the "Green Hong Kong Campaign" was initiated 
by the LCSD in 2000，more flowering trees have been introduced into the parks in 
recent years. However, ornamental flowers in the parks are changed seasonally to 
create colorful attractions throughout the year. 
The redeveloped Kowloon Park was endowed with some 103,382 plantings, 
including shrubs, groundcovers, climbers, bamboos, palms, aquatic plants, conifers 
and trees, and two old Chinese Banyan trees were preserved (SCMP 1989). In the 
Tin Shui Wai Park, a variety of sub-tropical and tropical trees, shrubs and palms were 
planted to match the "sub-tropical garden" theme. The present study focused on 
soils under two main groups of vegetation: trees and shrubs in one group, and 
turfgrasses in the other. Plant species found around the sampling locations in the 
two parks are listed on Table 3.1, while detailed lists of park vegetation are shown in 
Appendices 3.1 and 3.2. However, planting records of both parks were not 
available. 
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Tabic 3.1 List of plant specics planted on the sampling points in Kowloon Park and 
Tin Shui Wai Park: 
Trees： Kow Ioob P«rk Tio Shui Wni Pork 
Acacia canfusa • 
Alstonia schotaris • 
ArchorUophoenix alexandrae • 
Bhdeha tomemosa * 
Cassia surattensis * 
Detonix regfa * * 
Dimocarpus Jangatt * * 
Erythrina variegata • 
Fiats microcarpa • 
GreviUea robmta * 
Litsea giutinasa • 
Melaleuca quinquenervia 争 
Melia azedarach • 
Michelia alba • 
Moms alba • 
Spathodea campanulata • 
Sysgium cumini • 
Macaranga tanarius » 
Shrubs: 
AceUypha >rilkcsi<ma • • 
Allamanda schottH * 
Altemamhera brasHiana * 
CaJUandra haemalocephaJa • 
Canna imtica orierUatis) • 
Chrysatidacarpus lutescens • 
Cadiaeum variegafum "Crispum" * 
Codiaeum variegaium Taeniosum' • 
Caciiaeum variegatum • 
Duranta er^o • 
Excorcria cochinchineruu • • 
Hibiscus rasa-sinensis • 
Hymenocatiis anwricana * 
ixora chinensis • 
ixora coccinea • 
Ligusirum sinense * 
Livistonia chinensis • 
Maivm'iscus penduli/lorus * 
Pachystochys tutea • 
Rhododendron spp. • 
Schejjflera arboriccia * * 
Schefflera actinophylla * 
fynogium auritum • 
Tahetnaemoniana divaricma , 
Turfgrasscs: 
Axonopxis comptx'ssiis • • 
Cymxkm dactylon * • 
Zoysia matrcUa • • 
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3.5 Park soils 
Soils in urban parks, like most other urban soils, are mostly fill materials from 
other areas in Hong Kong. Decomposed granite excavated from the borrow areas in 
Hong Kong is commonly used for landscape planting. This substrate is originally 
strongly acidic (pH <5) and deficient in organic matter, and major soil nutrients 
(Grant 1960; Webb 1991). Therefore, the decomposed granite is often amended with 
organic matter such as peat moss, and other soil conditioners, to become the "topsoil 
mix" before planting. 
However, detailed information about the composition and thickness of the 
substrates in Kowloon Park and Tin Shui Wai Park was not available. The topsoil 
used in Kowloon Park during renovation was excavated from the Happy Valley 
racecourse (SCMP 1989). Besides, by field observation, concrete rubbles and grey 
clay materials were found in Tin Shui Wai Park's soils samples at both 0 - 10 cm and 
10 - 30 cm layers. 
3.6 Park management and horticultural routines 
The responsibility for landscaping and management of parks in the past was 
shared by the Urban Services and Regional Services Departments (USD and RSD). 
The USD was responsible for the management of the core urban areas around the 
harbour, while the RSD for the New Territories. The two departments were 
abolished in 2000 and reconstituted as the Leisure and Cultural Services Department 
(LCSD). The previous staff and equipment related to amenity vegetation 
management were consolidated under the LCSD. Horticultural and landscaping 
affairs are currently managed under the Hong Kong Island, Kowloon and New 
Territories Divisions of Leisure Services Branch of the LCSD. 
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Table 3.2 Management routines of urban park greenery (2002 - 2003) 
~~ Kowloon Park Tin Shui Wai Park 
(a) Fertilization 
Fertilizers • A mixed fertilizer with 32% N • A mixed fertilizer o f 32% N as — 
as Sulfur coated urea (SCU), 3% Sulfur coated urea (SCU) , 3% 
Available phosphoric acid Available phosphoric acid (P ,05) ’ 
(P2O5), 10% Soluble Potash 10% Soluble Potash ( K j O ) " ‘ ， 
(KjO) • Greensoim Slow Release 
• Urea (46-0-0) (14-11-11) 
• Bone meal (for nursery plants) • Sulfur coated urea (37-0-0) 
• Sulfur coated urea (37-0-0) • Urea (46-0-0) 
Method Surface spreading Surface spreading 
Frequency Trees, shrubs and flowers: monthly 3 - 4 times a year 
TUrf: monthly during MAR-AUG, 
every 2 months during SEP - FEB 
Dose Unknown Unknown 
(b) Irrigation 
Source Tap water Tap water 
Method Manual and sprinkler Manual and sprinkler 
Frequency 2 t imes a day on sunny days and areas 2 - 3 times a week, daily for seasonal 
exposed to ^11 sunlight f lowers 
(c) Insect and diseases control 
Time Apply when detected Apply when delected 
Type Insecticide and fungicide Cut o f f infected branches 
(d) Mulching 
Type Pine bark chips, peat moss Pine bark chips, peat moss 
Time Anytime During winter 
Thickness 1 inch (25 mm) 20 mm 
(e) Pruning “ 
Time Trees: before typhoon, before Trees: Branch breakage 
transplanting Shrubs: After flowering period, crown 
Shrubs: After f lowering period, shape control 
crown shape control 




Time M ^ 
(g) Vandalism 
Nature Over-trampling on lawns Branch breakage 
Extent Not serious Not serious 
Remediation Re-establish turf cover Cut o f f damaged branches 
(h) TUrf maintenance 
Establishment Sodding Sodding ‘ “ 
method 
Mowing Once per 10 days in growing season; Every 2 weeks in summer; every 4 - 6 
frequency monthly in dormant period weeks in winter 
NI: Information not available 
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Management routines of greenery obtained by interviewing the park staff in the 
two parks are shown in Table 3.2. For fertilizer application (Table 3.2a), both parks 
use a slow-release mixed fertilizer, which is commonly called 
"triple-colours-fertilizer" by the park staff, and urea most frequently. The 
"triple-colours-fertilizer" is a blend of three kinds of grainules containing N, P and K 
fertilizers separately. It consists of 32% N from sulphur coated urea (S.C.U.), 3% of 
available phosphoric acid, 10% of soluble potash, and 5.2% sulphur. Both parks 
mostly use this type of fertilizer and is applied on almost every type of vegetation. 
Moreover, urea is also widely used in the two parks. It consists of 46% N in white 
crystal form. It is applied in light dose each time as it is a quick release fertilizer 
with relatively high burning potential. 
Furthermore, both parks are using a straight nitrogen fertilizer, which consists of 
37% N from sulfur coated urea and 17% sulphur, in small amounts for greening up 
the lawns. Besides, bone meal, an organic fertilizer rich in phosphorus and calcium, 
is used in the flower nursery in Kowloon Park. After the flowers are transplanted and 
exhibited, bone meal is not applied in the flower beds. On the other hand, staff in 
Tin Shui Wai Park fertilizes the delicate seasonal flowers with Greensome, a slow 
release fertilizer consisting of 70% N from S.C.U. and the remaining 30% from 
diammonium phosphate (11% P2O5, 11% K2O and 8% S). 
The trees, shrubs and flowers in Kowloon Park are fertilized monthly. The 
turfgrasses are similarly fertilized monthly during their prime growing season (from 
March to August) and every two months during September to February. Unlike 
Kowloon Park, vegetation in Tin Shui Wai Park is generally fertilized 3 - 4 times a 
year. From personal communication with the workmen in both parks, they spread 
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the fertilizers on the soil surface manually. However, the actual dose rate is neither 
known nor recorded as it depends on their their personal experience. Furthermore, 
they keep no record of application dates since each patch of vegetation in the park is 
fertilized at different times. 
Soils in the two parks are irrigated with tap water, both by manual and sprinkler 
systems (Table 3.2b). It is done two times a day in Kowloon Park, especially on 
sunny days and on areas exposed to full sunlight. The vegetation in Tin Shui Wai 
Park is irrigated 2 — 3 times a week, but daily for the seasonal flowers. 
Insect and diseases control is carried out on both parks only if the problem is 
detected (Table 3.2c). The Kowloon Park workers apply insecticide and fungicide 
on the infected plants while the infected branches are cut off to control the spread of 
plant diseases in Tin Shui Wai Park. 
On mulching practice (Table 3.2d), both of the Kowloon Park and Tin Shui Wai 
Park staff mulch the planting beds with bark chips or peat moss to a thickness of 
about one inch (25 mm). This helps to reduce evaporation from soil and suppresses 
weed growth (Webb 1991). Mulching was practiced in Tin Shui Wai Park during 
winter to conserve soil moisture. 
Trees in Kowloon Park are pruned before typhoon season and transplanting, 
while the shrubs are pruned regularly after flowering period and for crown shape 
control (Table 3.2e). In Tin Shui Wai Park, trees are pruned when branch breakage is 
noticed while the shrubs are trimmed similarly as in Kowloon Park. There is no 
treatment of tree wounds in Kowloon Park but latex is applied on tree cuts in Tin Shui 
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Wai Park. 
Turf covers in both parks were established by sodding of warm season turfgrass 
species listed in Table 3.1. The lawns need frequent mowing during the active 
growing season of turfgrasses to maintain the "green carpet" appearance and help 
control water and nutrient consumption of the grasses (Kamok 1998). The turf is 
mowed once every ten days during the growing season in Kowloon Park, and monthly 
during dormancy period (Table 3.2h). Mowing is done every two weeks in Tin Shui 
Wai Park during summer, and every 4 - 6 weeks in winter. Clippings are removed 
and disposed off as trash in the parks. 
In general, vandalism of vegetation is not a serious problem for both parks (Table 
3.2g). Park staff in Kowloon Park identified trampling on lawns as the major 
problem in the park, due to the high visiting intensity. As a result, they loosen the 
compacted soil and re-establish the grass occasionally at the popular sitting-out spots. 
Nevertheless, from field observation, littering was also found to be critical, as 
cigarette ends, empty drink cans, unwanted packages, food leftovers from the fast 
food restaurant in the park were often found half-buried on the surface soils 
particularly on shrub beds. On the other hand, the Tin Shui Wai park staff perceived 
plant branch breakage as a major problem in the park, and the damaged branches are 
usually trimmed off. They further indicated that name tags showing plant species in 
the park are often removed or misplaced by vandals. 
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CHAPTER 4 
BASELINE STUDY OF URBAN PARK SOIL PROPERTIES 
4.1 Introduction 
Urban soil is an integral component of urban ecosystems, and is greatly 
influenced by human activities. Investigations on morphological, physical and 
chemical aspects of urban soils often reveal the derelict nature of these soils (Short et 
al 1986a; Craul 1992; Schleu/? et al 1998; Jim 1998a & 1998b). Soil profiles in 
urban areas are mostly structurally altered, and are sinks of anthropogenic artifacts 
and pollutants. Nevertheless, these substrates are often amended to support 
vegetation growth. 
In Hong Kong, knowledge has been accumulated on the general characteristics 
of urban soils in various habitats, from hostile roadsides to sophisticated athletic fields 
(see Chapter 2). Substrates used are mostly decomposed granite, which have sandy 
texture and low clay content, are deficient in organic matter and macronutrients 
(Webb 1991; Jim 1996)，and elevated pH (Jim 1998a & 1998b). Properties of urban 
soils in Hong Kong vary over sites due to diverse soil origins and management 
scenarios (Chau and Chan 2000). Horticultural routines of the two parks in the 
present study have shown differences in management intensity (See Chapter 3). 
Therefore, before going into exploration of nitrogen and phosphorus dynamics of 
urban park soils, a basic understanding of soil properties in the Kowloon Park and Tin 
Shui Wai Park would be necessary. 
Furthermore, various local studies have called for better measures of improving 
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degraded substrates to enhance the performance of landscape plants, especially trees 
(Jim 1992，1998c，1999，2001; Chan 1997). Hence knowledge of plant-soil 
interactions in the urban landscape would be important for finding out the appropriate 
ways of soil treatment. As aforesaid in Chapter 1, plants' response to the soil 
environment may differ among vegetation communities and plant growing habits. 
Cultivation methods and management routines vary for different vegetation types. 
The relationships of different plant communities and urban soils, and implications to 
soil management strategy, are virtually neglected. Moreover, an evaluation of soil 
quality under the existing management practices is a way to reveal the growing 
environment of the park vegetation. 
During the early succession of natural ecosystems, there is buildup of organic 
matter in soil and thus the nutrient stock (Vitousek and Reiners 1975), resulting in an 
increase in the capacity to support a larger and richer plant community. In the urban 
environment, while this natural process is ongoing, management of urban vegetation 
may alter the magnitude and pace of this process. Would soil in an urban park 
environment change with time? Would the soil fertility improve with increasing 
duration of management? Besides, park location might determine the popularity of 
the park and thus differences in recreational impacts and degree of management. 
Would these differences affect soil properties? 
This chapter is a baseline study of soil properties in Kowloon Park and Tin Shui 
Wai Park, which will facilitate the elaboration of the following chapters discussing N 
and P dynamics of urban park soils. The objectives are three-fold: 
1. To examine the differences of soil properties between vegetation covers and the 
two parks; 
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2. To investigate whether park location and duration of management would affect 
the soil properties; 
3. To evaluate the quality of soil substrate in the two parks. 
4.2 Methodology 
4.2.1 Sampling 
Soil sampling for baseline study of the two parks' soils was conducted 
between January and February 2003. Stratified random sampling method was used 
due to irregular shape and distribution of planting plots in the parks. In each park, 
20 samples at two depths (0 - 10 cm and 10 - 30 cm) were collected from both 
shrubs/ trees planting areas and open lawns. There were a total of 40 sample points 
and 80 samples in each park. However, samples from two sampling points under 
shrubs in Kowloon Park were discarded, as the samples contained undissolved 
granular fertilizer. The sampling areas in the two parks are shown in the maps in 
Appendices 4.1 and 4.2. 
Soil samples collected were returned to the laboratory. Subsamples of fresh 
soils were passed through 0.5 mm sieve and stored at 4 土 1 °C in the refrigerator for 
the determination of mineral nitrogen and available phosphorus. The remaining 
samples were air-dried at room temperature, ground and passed through 2 mm and 
0.25 mm sieves, respectively. The 2 mm sieved soil samples were used for the 
analysis of soil texture, pH and exchangeable cations (K, Na, Ca, Mg), while the 0.25 
mm sieved fractions were used for the determination of total Kjeldhal nitrogen (TKN), 
organic carbon, and total phosphorus. 
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4.2.2 Soil texture 
Soil texture was determined by the Boiiyoucos hydrometer method. 50 
grams of 2 mm air dry soil was mixed with 5% Calgon solution (sodium 
hexametaphosphate). The mixture was stirred at high speed for 15 minutes and 
made up with water to 1,000 ml. Hydrometer readings were taken at 4 minutes 48 
seconds to estimate for silt and clay fractions, and at 5 hours to estimate the clay 
fraction (Grimshaw 1989). Results were expressed as percentages of sand, silt and 
clay (Allen 1989)，following the textural class of International Soil Science Society. 
4.2.3 Soil reaction 
Soil pH was determined by using a mixture of 10 grams of 2 mm air dry soil 
with distilled water at a soil: water ratio of 1:2.5 (w/v). After shaking for 10 minutes 
and leaving to stand for 30 minutes, the supernatant liquid was tested with a glass 
electrode coped with the Orion Expandable Ion Analyzer EA 940. 
4.2.4 Total Kjeldahl Nitrogen (TKN) 
The Kjeldhal digestion method was used in the determination of total nitrogen. 
1 gram of 0.25 mm air dry soil was digested in concentrated sulphuric acid in the 
FOSS 2020 digestor block at 340 °C, with the addition of copper sulphate as catalyst 
and potassium sulfate to raise the boiling point (Anderson and Ingram 1993). The 
digest was steam distilled into boric acid in a Tecator Kjeltec 1026 distillation unit 
and total nitrogen was determined titrimetrically, using 0.012AM hydrochloric acid. 
4.2.5 Mineral nitrogen (ammonium and nitrate nitrogen) 
The mineral nitrogen in soil represents the nitrogen fraction in plant available 
form. 10 grams of 0.5 mm sieved fresh soil were extracted in 1.9M potassium 
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chloride. After shaking for one hour, the extract was filtered through Whatman 6 
filter paper. The filtrate was determined colormetrically and detected by the use of 
Tecator Flow Injection Analyzer, at absorbance readings of 590 nm for NH4-N and 
570 nm for NO3-N. 
4.2.6 Total phosphorus 
0.5 gram of 0.25 mm air dry soil was digested in mixed acids of perchloric 
acid, concentrated nitric acid and concentrated sulfuric acid at a ratio of 2:10:1. The 
digest was then filtered through Whatman 6 filter paper and diluted with de-ionized 
water to 100 ml. Total P was determined by the molybdenum blue method by the 
use of Tecator Flow Injection Analyzer, at absorbance reading 720 nm. 
4.2.7 Available Phosphorus 
5 grams of 0.5 mm sieved fresh soil was extracted with ammonium lactate 
solution at pH 3.75 (Tecator Application Note ASTN 9/84). The extract was filtered 
through Whatman 6 filter paper and diluted with Q.5M hydrochloric acid. Available 
phosphorus was determined by molybdenum blue method similar to total phosphorus, 
by use of Tecator Flow Injection Analyzer, at absorbance reading 720 nm. 
4.2.8 Organic carbon 
Organic carbon was determined by the Walkley-Black partial oxidation 
method (Walkley and Black 1934). Due to high variability of organic matter content 
of the soil under investigation (showed by different degree of soil's dark colour), the 
amount of 0.25 mm air dry soil used varied from 0.3 gram to 1 gram. Potassium 
dichromate and concentrated sulfuric acid were used in the oxidation of organic 
matter. The mixture was then titrated with ferrous sulfate heptahydrate, using 
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o-Phenanthroline-ferrous complex as indicator. Soil organic matter (SOM) content 
was estimated by multiplying the organic carbon content with a factor of 1.724 
(Chaney and Swift 1984). 
4.2.9 Exchangeable cations (K，Na, Ca, Mg) 
5 grams of 2 mm air dry soil were extracted with 100 ml \M ammonium 
acetate at pH 7. After shaking for one hour, the extract was filtered through 
Whatman 6 filter paper. The filtrate was then analyzed for K, Ca, Na and Mg by using 
the Varian Spectr AA-300 Atomic Absorption Spectrophotometer. 
4.2.10 Carbon: nitrogen ratio and carbon: phosphorus ratio 
Carbon: nitrogen ratio was obtained by dividing organic carbon by total 
Kjeldhal nitrogen. Similarly, carbon: phosphorus ratio was obtained by dividing 
organic carbon by total phosphorus. 
4.3 Statistical analysis 
Statistical analysis was performed by using the statistical package SPSS (for 
Windows). Descriptive statistics including mean, standard deviation and range 
values were presented. The difference of each parameter between the two parks, 
between soil layers and between vegetation covers were tested by independent sample 
T-test. The significance level of all the tests was set at confidence limit of p<0.05, 




Soils of the two parks belonged to five textural classes. Soils in Kowloon Park 
were predominantly sandy loam and loamy sand, consisting of over 75% sand, 9 -
15% silt and 8 - 10% clay (Table 4.1). The Tin Shui Wai Park soils were loam, clay 
loam and sandy clay loam. Sand content ranged from 53 - 74%, silt from 15 - 24%, 
and clay from 11% to 23%. Intra-layer difference of texture was not observed in 
both parks. 
Table 4.1 Texture of park soils* 
0- ID cm 10-30 cm T-tcsl 
K L S h r u b ~ S a n d (%) 83 (4.75) 79 (4.44) N S 
Sill (%) 9 (2.27) 11 (1.15) NS 
Clay (%) 8 ( 3 . 1 0 ) 9 (4.73) NS 
T S W Shrub Sand (%) 5 6 ( 1 1 . 7 7 ) 53 (14.69) N S 
SiU (%) 2 2 ( 8 . 1 1 ) 2 4 ( 1 3 . 1 1 ) NS 
Clay (%) 22 (4.15) 23 (5.33) NS 
K L T u r f Sand (%) 77 (3.48) 75 (3,82) N S 
Sill (%) 15(1 .20) 丨 4 (1,41) NS 
Clay (%) 8 (2.28) 10(2 .94) NS 
T S W Turf Sand (%) 74 (4.46) 65 (10 .18 ) N S 
Sill (%) 15 (2.88) 20 (7.25) N S 
Clay (%) 11(1 .89) 15(5 .14) N S 
Kl. = Kowloon Park： TSW = Tin Shui Wai Park. 
• Five samples ofcach soil layer for cach site were analyzed for soil tcxiure due (o low variaiion of soil physical properties. 
Values in parenthesis represent standard deviation. 
For the T-tcsi column, inlra-laycr diffcrcticcs of the soils were tcsurd by independent sample T-icst. 
NS: Not significant at p<0.05. 
4.4.2 Soil pH 
Soil pH varied from acidic to weak alkaline in the two parks, and pH levels of 
the 0 - 10 cm soils were generally lower than those of 10 - 30 cm (Table 4.2). For 
Kowloon Park, the soil pH ranged from 5.94 to 6.33. On the other hand, soil pH in 
Tin Shui Wai Park fluctuated from 5.50 in 0 - 10 turf soils to 7.78 in 10 - 30 cm shrub 
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soils. Significant difference between 0 - 10 cm layer and 10 - 30 cm layer was 
observed in shrub soils in Tin Shui Wai Park and turf soils in Kowloon Park. 
Table 4.2 pH of park soils 
0 - 10 cm 10-30 cm T-test 
KL Shrub 5.94 (0.82) 6.23 (0.76) NS 
TSW Shrub 7,36 (0.37) 7.78 (0,58) • 
KL Turf 5.97 (0.23) 6.33 (0.35) * 
TSW Turf 5.50(0,43) 5,76(0.64) NS 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For the T-tcst column, in Ira-layer ditTerenccs of the soils were tested by independent sample T-tcst. 
• : p<0.05; NS: Not significant. 
4.4.3 Organic matter 
Kowloon Park soil was generally richer in soil organic matter than Tin Shui Wai 
Park soil. SOM level ranged from 3.11% to 5.33% in Kowloon Park, and 1.06 -
3.30% in Tin Shui Wai Park. Overall, organic matter content was significantly lower 
in 10 - 30 cm layer than in the topsoil (Table 4.3). The 10 — 30 cm layer soil in 
Kowloon Park, both under turf and shrubs, consisted of about 70% SOM against the 
topsoil layer. However, SOM content in the 10 - 30 cm layer of Tin Shui Wai Park 
was about one-third of the 0-10 cm layer. 
Table 4.3 Organic matter (%) of park soils 
0 - 1 0 cm 10-30 cm T-test 
KL Shrub 5.33 (2.19) 3.71 (1.29) • “ 
TSW Shrub 2.84 (0.66) 1.06(0.41) • 
KL Turf 4.54(1.44) 3.11 (0.72) • 
TSW Turf 3.30(1.15) 1.18(0.51) * 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For the T-tcst column, inlra-laycr differences o f the soils were tested by independent sample T-test. 
•: p<0.05. 
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Besides, extremely high values were recorded in Kowloon Park topsoils, with 
maximum of 8.90% recorded from soil under shrubs and 7.29% recorded from soil 
under turf (Appendix 4.3). In Tin Shui Wai Park, only 0 - 10 cm soil under turf 
reached a maximum of 6.05% (Appendix 4.4). 
4.4.4 Total Kjeldahl nitrogen and C:N ratio 
TKN in the park soils followed a similar pattern as soil organic matter. 
Kowloon Park soils contained 0.16 - 0.24% TKN, and Tin Shui Wai Park soils 
contained 0.05 - 0.17% (Table 4.4). Intra-layer differences were significant in both 
parks and vegetation types. Like the SOM contents, TKN in Kowloon Park 1 0 - 3 0 
cm soils, regardless of vegetation cover, was about 70% of the 0 - 10 cm soils. TKN 
content of Tin Shui Wai Park topsoil was three times more than the 10 - 30 cm layer 
soil. TKN values were also similar between turf and shrub soils in each park. 
Table 4.4 Total Kjeldahl nitrogen (%) of park soils 
0 -10 cm 一 10-30 cm T-tcst 
KL Shrub 0.24 (0.09) 0.17(0.06) ~ 
TSVV Shrub 0.15 (0.03) 0.05 (0.02) * 
KL Turf 0.24(0.07) 0.16(0.04) • 
TSVV Turf 0.17(0 06) 0.05(0.03) * 
KL » Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For the T-lcsl column, imra-layer difTcrcnces o f the soils were tested by independent ！uimplc T-icsi. 
•： p<0.05. 
The C:N ratios in the two parks are comparable. The ratio increased with depth 
only in Tin Shui Wai Park turf soil (p< 0.05); elsewhere there were no significant 
differences (Table 4.5). However, the increase was only significant in turf soils in 
Tin Shui Wai Park, from 11 in 0 - 10 cm layer to 14 in 1 0 - 3 0 cm layer. 
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Tabic 4.5 C : N ratio o f park soils 
0- 10 cm 10 - 30 cm T-test 
KL Shrub 13 (1.50) 13 (1.03) NS 
TSW Shrub 11 (0.95) 11 (1.23) NS 
KLTurf 11 (0.77) 11 (0.64) NS 
TSW Turf 11 (1.02) 14(3.06) • 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
For the T-test column, intra-layer differences of the soils were derived by independent sample T-test. 
"NS" denotes that the layers are not significantly different at the p<0.05 level; while "•“ represents the vice versa. 
Values in parenthesis represent standard deviation. 
4.4.5 Ammonium nitrogen and nitrate nitrogen 
NH4-N and NO3-N concentrations showed similar patterns in both parks but 
contrasting trends between vegetation covers. For soils under shrubs, NH4-N levels 
were 2.45 - 7.66 fig g'', and NO3-N levels ranged from 4.81 jxg g.i to 28.75 fig g'' 
(Table 4.6a). Referring to Table 4.6b, proportions of NH4-N and NO3-N as 
percentage of mineral nitrogen ranged from 21 - 34% and 66 - 79% respectively. 
Nevertheless, in soils covered by turfgrasses, NH4-N concentrations predominated 
over NO3-N in the two parks. Ammonium was in the range of 7.93 - 23.03 fig g"', 
while nitrate was between 1.51 - 5.67 fig g"'. The proportions as total mineral 
nitrogen were 81 - 85% and 15 - 19% respectively. 
Tabic 4 . 6 a A m m o n i u m and nitrate nitrogen ( / i g g ' ' ) o f park soi l s 
0-10 cm 10-30 cm 一 T-test 
KL Shrub”Nl i i 7.66 (5.22) 5.62 (3,50) • ~ 
28.75(18.75) 17.36(11.60) * 
TSW Shrub NH4 5.69 (6,20) 2.45(1.93) * 
^ 19.60(15.63) 4.81 (5.69) • 
KLTurf NH^ 23.03 (9.41) 12.99 (8.93) * ~ 
4.68 (3.00) 2.21 (1.18) * 
TSW Turf NH4 “24.14(10.74) 7.93 (4.54) • 
NO^ 5.67 (7.82) 1.51 (1.92) * 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For the T-lcst column, intra-layer differences of the soils were tested by inde|>enclcr)t sample T-lcsl. 
•： p<0.05. 
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Table 4.6b Proportions of NH4 and NO3 (%) as total mineral nitrogen in park soils 
0-10 cm 10-30 cm 
KL Shrub NH4 21% 
79% 76% 
TSW Shrub NH4 ^ 34% 
^ 7S% 66% 
KL Turf NH^ ^ 
\7% 15% 
TSW TurfNH； 81% ^ 
19% 16% 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Intra-layer differences of NH4-N and NO3-N were observed in both parks, and 
both parameters decreased with depth. Besides, nitrogen in the park soils was 
mostly present in organic form. Mineral N (NH4-N and NO3-N) constituted less than 
2% of the total nitrogen pool (Table 4.7). Percentages of mineral N were 
comparable between 0 — 10 cm layer and 10 - 30 cm layer, except a large decrease 
from 1.55% to 0.95% which was found in Kowloon Park turf soil. 
Table 4.7 Mineral nitrogen as % of total Kjeldahl nitrogen in park soils 
0 - 1 0 cm 一 10-30 cm 
KL Shrub 1.52% 1.35% 
TSW Shrub 1.69% 1.45% 
KLTurf 1.55% 0.95% 
TSW Turf 1.58% 1.89% 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
4.4.6 Total phosphorus and C:P ratio 
The amount of total phosphorus in Kowloon Park was much greater than that in 
Tin Shui Wai Park, regardless of depth and vegetation cover (Table 4.8). Total 
phosphorus content in Kowloon Park soils at all layers and vegetation covers 
exceeded 800 fig g"'. But total P of the 10 - 30 cm layer soil in Tin Shui Wai Park 
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was halved against the topsoil layer. The Kowloon Park shrub topsoil had 1.7 times 
more total P than the Tin Shui Wai counterpart, and even 5 times more for the topsoil 
under shrubs. 
Moreover, total P in Kowloon Park soils increased with depth while total P in Tin 
Shui Wai park soils was vice versa. Intra-layer differences were observed in all sites 
except the turf-covered soil in Kowloon Park. 
Table 4.8 Total phosphorus ( " g g.*) in park soils 
0 - 1 0 cm 10-30 cm 一 T-test 
KL Shrub 814.97(169.24) 854.93(179,75) • ~ 
TSW Shrub 477.71 (134.12) 290,44(12333) * 
KL Turf 826.80 (27939) 848.32 (240.63) NS 
TSW Turf 161.69(48.15) 85.36 (40.23) • 
KL - Kowloon Park; TSW => Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For ihc T-test column, inira-layer dilTcrcnccs of the soils were tested by independent sample T-test. 
•： p<0.05: NS: Not significant. 
C:P ratio was comparable among the shrub soils and turf soil in Kowloon Park, 
however, the ratios of Tin Shui Wai Park turf soils were much wider, ranging from 
83:1 to 121:1. Pronounced differences between soil layers occurred in both parks 
(Table 4.9). 
Table 4.9 C:P ratio of the park soils 
0 - 10 cm 10 - 30 cm T-test 
KL Shrub 38(13.82) 26 (9.53) * ~ 
TSW Shrub 37(13.29) 25 (11.92) * 
KL Turf 33 (9.61) 23 (6,76) » 
TSW Turf 121 (33.00) 83 (26.73) * 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For the T-lcsl column, intra-layer differences of the soils were tested by independent sample T-test. 
•: p<0.05. 
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4.4.7 Available phosphorus 
Great variations occurred in available phosphorus between sites and layers 
(Table 4.10a), and intra-layer difference was similarly significant. Similar with total 
phosphorus, available phosphorus of 0 - 10 cm soils in Kowloon Park was lower than 
those in 10 - 30 cm soils. However, although total P in 0 - 10 cm soil under 
Kowloon Park shrubs was much higher than those of Tin Shui Wai Park, the available 
P concentration was much lower than in Tin Shui Wai Park shrub soil. PO4-P 
content in Tin Shui Wai Park turf soil was the lowest among the sites, ranging from 
2.94 fig g-ito 6.18 Mg g-丨. 
Tabic 4.1 Oa Available phosphorus ( “ g g'') in park soils 
0 - 1 0 cm 10-30 cm IP-tcst 
KL Shrub “124.28 (32.78) 139.97 (30.40) •""“ 
TSW Shrub 211.88(141.39) 54.80 (44.31) • 
KL Turf 93.96 (39.06) 122.69 (42.86) * 
TSW Turf 6.18(8.50) 2.94 (7,29) * 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For the T-tcst column, intra-layer differences of the soils were tested by independent sample T-lest. 
•: p<0.05. 
Table 4.1 Ob Mineral phosphorus as % of total phosphorus in park soils 
0 - 1 0 cm I 10-30 cm 
KL Shrub 15.25% 16.37% 
TSW Shrub 44.35% 18.87% 
KL Turf 11.36% 14.46% 
TSW Turf 3.82% 3.44% 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
As shown in Table 4.10b, mineral phosphorus as percentage of total phosphorus 
was generally lower in turf soils than soils under shrubs. Overall, although organic P 
predominated the total pool, mineral P accounted for 44.35% of total P in Tin Shui 
Wai Park shrub soil at the 0 - 10 cm layer and 18.87% in the 10 - 30 cm soil. 
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4.4.8 Exchangeable cations 
Exchangeable cations in most of the park soils decreased in the order of Ca > Mg 
> K > Na, except in the turf soils in Kowloon Park where concentration of Na was 
higher than K. Exchangeable Ca constituted 84 一 86% of the total bases 
(Ca+K+Na+Mg) in Kowloon Park, and 70 - 90% in Tin Shui Wai Park. 
Concentrations of the four cations in the two parks are shown in Table 4.11. 
Tabic 4.1 丨 Exchangeable K’ Na, Ca and Mg (cmol kg' ') of park soils 
0 - 10 cm 10-30 cm T-test 
K KL Shrub 0.23 (0.23) 0.18(0.21) • 
TSW Shrub 0.29(0.15) 0.18(0.11) * 
KL Turf 0.14(0.05) 0.07(0.04) * 
TSW Turf 0.34 (0.14) 0.17(0.09) • 
N a KL Shrub 0 . 1 9 ( 0 . 0 6 ) 0 . 1 7 ( 0 . 2 4 ) * “ 
TSW Shrub 0.20 (0.06) 0.24 (0.08) * 
KL Turf 0.16(0.03) 0.13(0,04) * 
TSW Turf 0.21 (0.04) 0.19(0.06) NS 
Ca KL Shrub 5.62 (3.29) 5.69 (4.41) NS 
TSW Shrub 8.59 (2.27) 9.44 (4.10) NS 
KL Turf 3.96(1,41) 3.69(136) • 
TSW Turf 2.63 (0.71) 2.82 (2.49) NS 
^ KL Shrub 0 . 5 0 ( 0 . 3 7 ) 0 . 3 7 ( 0 . 1 5 ) • 
TSW Shrub 0.54 (0.10) 0.41 (0.13) • 
KL Turf 0.43(0.11) 0.23(0.06) » 
TSW Turf 0.53(0.13) 0.40 (0.21) • 
KL = Kowloon Park; TSW = Tin Shui Wai Park. 
Values in parenthesis represent standard deviation. 
For ihc T-test column, intra-laycr differences of the soils were tested by independent sample T-tcsi. 
p<0.05; NS: Nol significant. 
Significant intra-layer differences were observed for exchangeable K in all sites. 
The lowest K level was found in Kowloon Park turf soil, with 0.14 cmol kg"' in 0 - 10 
cm layer and 0.07 cmol kg"' in 10 - 30 cm layer. Potassium largely decreased with 
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depth. In the turf soils of the two parks, potassium content in 10 - 30 cm layer was 
halved against the 0 - 10 cm layer. 
Exchangeable Na was generally higher in Tin Shui Wai Park soils than in 
Kowloon Park. Intra-layer differences were observed in all sites but not in Tin Shui 
Wai turf soil. The element decreased with soil depth, but it was not the case for soil 
under shrubs in Tin Shui Wai Park. 
Both the highest and the lowest exchangeable Ca concentration were recorded in 
Tin Shui Wai Park soils, with values ranging from 8.59 - 9.44 cmol kg"^  in shrub soil 
and 2.63 - 2.82 cmol kg'' in turf soil. Significant intra-layer difference was only 
observed in soil under turf in Kowloon Park. Moreover, it was also the only soil that 
showed a decrease in Ca content with depth. 
Intra-layer differences in exchangeable Mg were profound in both parks and for 
both vegetation covers. Similar to exchangeable K and Na, Mg level in Kowloon 
Park turf soil was the lowest among the sites. 
4.5 Discussion 
The soil in an urban park environment is different from its natural counterparts; 
composes of imported materials from diverse and often unknown origins; being 
intensively tended with horticultural inputs, influenced by recreational impacts; and 
may be affected by the surrounding environment, such as air pollution. These 
factors have been recognized in Hong Kong. Besides, some factors prevailing to 
affect park soils are a merger of both natural and human impacts. Plants in the parks 
are mostly ornamental cultivars and are chosen and arranged by purpose. But still, 
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the inherent growing habits of the plants interact naturally with the soil. Soil evolves 
with time, and this process in urban park environment is associated with how long it 
has been cultivated. The following discussion focuses on the differences of soil 
properties between vegetation covers and between the two parks, and the possibility 
of the duration of management and park location affecting soil chemical properties. 
The quality of the substrates in the two parks is also examined. 
4.5.1 Park soils under different vegetation covers 
Differences of soil properties under shrub and turf coverage have been tested for 
statistical significance and the results are shown in Table 4.12a for Kowloon Park and 
4.12b for Tin Shui Wai Park. Overall, turf and shrub soils in Tin Shui Wai Park 
showed significant differences in more parameters than that shown in Kowloon Park. 
Textural contents of Kowloon Park soils under shrubs and turf have shown 
similarity in sand and clay content at both topsoil and subsoil horizons. The coarse 
substrate textures: high sand content (> 75%) and very low clay content (< 10%) 
resembles the characteristic of decomposed granite, which is commonly used in local 
landscape planting. Significant difference between vegetation was found in silt 
content of both soil layers. However, pronounced differences between vegetation 
covers were observed for the sand and clay contents at the 0 — 10 cm layer in Tin Shui 
Wai Park. The clay content was also largely different between shrub soil and turf 
soil at 10 - 30 cm soil layer. Although the planting records were absent for the park, 
the textural difference is likely to be related to differences in the choice of original fill 
materials, and in soil preparation before planting turf and shrubs. 
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Tabic 4.12a Differences of soil properties between vegetation covers in Kowloon Park 
Parameters 0 - 1 0 cm soil T-test 10 -30 cm soil T-tcst 
Shrub Turf Shrub Turf 
(N=18) (N=2Q) (N=18) (N=20) 
Texture (N=5) 
Sand % 83 77 NS 79 75 NS 
Silt % 9 15 * 11 14 * 
Clay % 8 8 NS 9 10 NS 
pH 一 5.94 — 5.97 ~ ~ 6.23 6.33 NS 
N H 4 - N ( / / g g - ' ) 7.66 2 I 0 3 * F I ^ * 
NO,-N()^gg"')""“28.75 4^69 * i T l E H i * 
TKN % — 0.24 - 0.24 ~ ^ ~ ~ 0.17 0.16 ~ N S ~ 
SOM % — 5.33 - 4.54 NS 3.71 3.11 NS 
C:N ratio ~ 13 " 11 * 13 11 * 
P 0 4 - P ( / / g g ' ' ) 1 2 4 . 2 8 9 3 . 9 6 • 1 3 9 . 9 7 1 2 2 . 6 9 NS 
Total P % 0.082 “ 0.083 “ NS T o s T " 0.085 NS 
C:P ratio 38 33 — NS ~ 2 6 ~ 23 NS 
Exchangeable 
cations 
K (cmol kg-') 0.23 0.14 NS 0.18 0.07 * 
Ca (cmol kg-') 5.62 3.96 * 5.69 3.69 NS 
Na (cmol k g ' ) 0.19 0.15 * 0.17 0.13 * 
Mg(cmol kg ') 0 5 0.43 NS Q.37 0.23 * 
For ihc T-tcst co lumn, d i f ferences between shrub and turf soils were tested by independent sample T-tcst. 
• : p<0.05; NS: Not significant. 
Table 4.12b Differences of soil properties between vegetation covers in Tin Shui Wai Park 
Parameters 0 - 1 0 cm soil T-tcst 1 0 - 3 0 cm soil T-tcst 
Shrub Turf Shrub Turf 
(N=20) (N=20) (N=20) (N=20) 
Texture ( N = 5 ) “ 
Sand % 56 74 • 53 65 NS 
Silt % 22 15 NS 24 20 NS 
Clay % n y • 23 15 * 
£H 7.36 ~ . 5 0 * — 7.78 — 5.76 * ~ 
N H , - N ( / z g g ' ) 5.69 24.14 — * 2.45 7.93 ~ ~ * ~ 
I ^ - N ( / z g g ') ~ 19.60 5 . 6 7 — • 4.81 1.51 一 * 
TKN % — 0.15 0.17 NS ~ T . 0 5 0.05 ~ NS 
SOM % - 2.84 - 3.30 ~ N S ~ 1.06 “ 1.18 NS 
C:N ratio 11 一 11 ~ NS 11 — 14 * 
P04-P(//gg')211.88 Us * 2M *~ 
Total P % - 0.05 — 0.02 * ~ 0.03 0.01 * 
C:P ratio 一 37 _ 121 • ~ 25 83 ~ * 
Exchangeable 
cations 
K (cmol k g ' ) 0.28 0.33 NS 0.18 0.17 NS 
Ca (cmol kg ') 8.59 2.63 * 9.44 2.82 * 
Na (cmol k g ' ) 0.20 0.21 NS 0.24 0.19 * 
Mg (cmol kg'') 0-54 0.53 NS 0.4丨 0.40 NS 
For the T-test column, d i f ferences be tween shrub and lurf soils were tested by independent sample T-test . 
•： p<0 .05 ; N S : Not significant . 
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Besides, the higher clay content in Tin Shui Wai Park shrub soil could probably 
be attributed to the presence of marine deposits in the filled substrates. As aforesaid 
in Chapter 3, the site was originally coastal mudflat and the land surface was raised by 
a cap of marine sands prior to planting. From field observations during soil 
sampling, aggregates of plastic, grey fine material were found in the soil. When the 
material was dried in the laboratory, it became hard blocks and was powdery when 
ground, which are probably characteristics of marine deposits. On the other hand, 
higher sand content was observed in turf growing areas within the park, which may 
suggest that the substrate under turf was largely intermixed with coarse-textured 
decomposed granite. 
Soil pH levels were not significantly different between the shrub and turf soils in 
Kowloon Park at 0 - 10 cm and 1 0 - 3 0 cm soil layer. But the opposite was found in 
Tin Shui Wai Park as pH values of shrub soils were 7.36 and 7.78，and the pH of turf 
soils were around 5.5. Soil acidity of the park soils was consistent with the nature of 
substrates used in different vegetation covers. Higher soil acidity in Kowloon Park 
and Tin Shui Wai Park turf soil was in line with the acidic nature of decomposed 
granite. The alkaline Tin Shui Wai Park shrub soils was likely caused by the high 
calcium nature of marine deposits, as well as the presence of construction rubbles as 
observed during soil sampling. 
The most distinctive difference between vegetation identified in both parks was 
the distribution of mineral nitrogen pools (NH4-N and NO3-N), while the total 
nitrogen and soil organic matter was not significantly different between turf and shrub 
covers. NO3-N predominated over NH4-N in soil under trees and shrubs, while the 
turf soil was alternatively dominated by NH4-N pool. These results were different 
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from various studies in subtropical region. Local research on fire-affected soils (Yau 
1996; Marafa 1998) and plantations on decomposed granite (Tsang 1997) reported a 
domination of ammonium pool. The study of forest and grassland ecosystems in 
Central Taiwan had shown the same trend as in Hong Kong in both forest and 
grassland soils (Owen et al. 2003). However, the present study agreed with the 
results from studies of forest-to-pasture chronosequences in Brazilian Amazon 
(Piccolo et al. 1994; Neill et al 1995), where the NO3-N pool was observed to be 
similar to or larger than NH4-N pool in forest soils, and the NH4-N pool predominated 
in pasture soils. While the majority of research was carried out for natural soils, did 
the present results resemble the uniqueness of nitrogen behavior in urban soils? 
Soils under intensive cultivation are often reported with dominance of nitrate 
pool (Grierson and Adams 1999). This may partly help to explain the larger nitrate 
pool in shrub soils that are also intensively cultivated in urban parks. The 
predominance of NH4-N pool in turf soil is similar to the pasture soils (Piccolo et al. 
1994; Neill et al. 1995), which might possibly be a common feature of managed 
grass-soil systems. However, given fertilization records could not be authenticated, 
N fertilizer residues from previous application may also increase NH4-N content in 
turf soil. 
Furthermore, the pH levels recorded from the natural subtropical soils in Hong 
Kong and Taiwan were much lower than the urban park soils, falling mostly below 
5.5. It was reported that acidic forest soils tend to be predominated by NH4-N, and 
plant tolerance of NH4-N in strong acid soil environment ensures adequate N supply 
for plants (Grierson and Adams 1999). 
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In addition, the relative demand of ammonium and nitrate may vary among 
different plant species and growth forms (Beevers and Hageman 1983). Plant uptake 
of NH4-N and NO3-N will be further investigated in the incubation experiment results 
that will be shown in Chapter 5. 
However, some differences emerged when the N pool distribution of the shrub 
soil in parks was compared with the planter soils. With similar pH range (5.61 -
7.09) as the park soils and a similar composition of trees and shrubs planted, the 
planter soils were predominated by NH4-N (Chan 1997). Would such difference be 
related to nature of the confined soils and more stressful street environment upon 
which the planter vegetation thrives? These and other phenomena that might emerge 
should warrant further investigations. 
The available phosphorus concentration in turf soil was generally lower than 
shrub soil in both parks. Difference of PO4-P content between Tin Shui Wai Park 
shrub and turf soils appeared to be proportional to their total phosphorus content. 
On the other hand, with similar total P contents measured in the shrub soil and turf 
soil in Kowloon Park, PO4-P of turf soil was significantly lower than shrub soil. 
Would it imply that turfgrasses have greater need of available phosphorus than the 
shrubs and trees? Alternatively, are the shrub plants more capable of preserving a 
relatively larger liable P pool in soil? What are the P mineralization rates of shrub 
soils and turf soils? Will the P dynamics vary between soils under different 
vegetation covers, and how are these related to horticultural practices? The answers 
of the above questions can be revealed by the study of phosphorus dynamics in 
Chapter 6. 
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In Kowloon Park, there were significant differences in exchangeable Ca and Na 
content between shrubs and turf cover at the topsoil, while exchangeable K, Na and 
Mg in turf soils were much lower than those under shrubs at the subsoil horizon. In 
Tin Shui Wai Park, the cation contents were not significantly different at 0 — 10 cm 
soils, except exchangeable calcium. K and Mg were also not significantly different 
between vegetation at 10 - 30 cm layer, but it was not the case for Ca and Na. It 
could be observed that, there were overall less cation concentrations in the subsoils 
under turf. As the root systems of turfgrasses are mostly firbrous and concentrate at 
the uppermost soil, this would possibly keep most of the cation nutrients at the surface 
soil. Specifically, the dissolving concrete wastes in Tin Shui Wai Park soils may 
have contributed some cations to the lower soil horizons under the turfgrasses. 
4.5.2 Duration of park management and influence of surrounding land use 
The two parks chosen for the present study were established at different times: 
Kowloon Park was opened in 1970 and renovated in 1989, while Tin Shui Wai Park 
was fully opened to the public in 1997. 
Generally, soil properties were found to be significantly different between the 
two parks, as shown in Tables 4.13a and b. For the soil under trees and shrubs 
(Table 4.13a), soil texture of the two parks differed significantly, as pronounced 
differences in sand, silt and clay contents at the 0 - 1 0 cm soil layer. While the same 
was observed for sand and clay at the 10 - 30 cm soil layer, there was no significant 
difference between the two sites in the silt content. Indeed, Tin Shui Wai Park soil 
was much lower in sand content (56%) but much higher in clay content (22%) on the 
0 - 10 cm soil layer and the trend was indiscernible on the 10 - 30 cm soil. 
Pronounced variation was also observed for soil pH, total Kjeldahl nitrogen, soil 
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Table 4.13a Differences of soil under trees/shrubs between two parks 
Parameter 0 - 1 0 cm soil T-tcst 1 0 - 3 0 cm soil T-test 
KL TSW KL I TSW 
(N=a8> (N=20) (N=18) (N=20) 
Texture (N=5) 
Sand % 83 56 * 79 53 丰 
Silt % 9 22 • 11 24 NS 
Clay % 8 22 * 9 23 * 
5.94 — 
NH4-N(;Ugg-') 7.66 - 5.69 NS 145 * 
hlOyN(ugg') 28.75 19.60 4^ 81 * ^ 
孜 N % 0.24 — 0 . 1 5 * 0.17 0.05 ~ ~ * ~ 
SOM % * • 3.71 " T o T " * 
C:N ratio 13 11 * — 13 f j » 
PQ4-P(/ /gg') 124.28 "211.88 """* SISO • 
Total P % 0.08 “ 0.05 ~ ~ * ~ 0.09 — 0.03 一 * 
C:P ratio 38 一 37 N S ~ 26 “ 25 ~ _ N S _ 
Exchangeable 
cations 
K (cmol kg ') 0.23 0.29 NS 0.18 0.18 NS 
Ca (cmol kg"') 5.62 8.59 * 5.69 9.44 * 
Na (cmol kg"') 0.19 0.20 NS 0.17 0.24 » 
M g ( c m o l kg ') 0.50 0.54 NS 0.37 0.41 NS 
KL = Kowloon Park; TSW = Tin Shui Wai Park 
For the T-tcst column, di (Terences between the two parks were tested by independent sample T-tcst. 
fXO.OS; NS: Not significant. 
Table 4.13b Differences of soil under turf between two parks 
Parameter 0 - 1 0 cm soil T-test 1 0 - 3 0 cm soil T-test" 
KL TSW KL I TSW 
(N=18) (N=20) (N=18) (N=20) 
Texture (N=5) 
Sand % 77 74 NS 75 65 NS 
Silt % 15 15 NS 14 20 NS 
Clay % 8 11 * 10 15 NS 
£H 5.97 " " T 5 0 ~ * _ 6.33 ~T76~ * 
NH4-N("gg-i) 23.03 ~ 24.14 l l ^ ^93 * 
NQ3-N(//gg') 4.68 5.67 H i iH NS~ 
TKN % — 0.24 0.17 ~ ~ * ~ 0.16 ~ 0.05 一 * 
SOM % 一 4.54 3.30 * ~ 3.11 1.18 — * 
C:N ratio 11.00 " l l . O O N S _ 11.00 14.00 _ * 
P04-P("gg•丨） 93.96 6.18 * 122.69 1 9 4 * 
Total P % 0.08一 0 .02 * 0 .09 0 . 0 1 ~ * 
C:P ratio 33 一121 * _ 23 83 — • 
Exchangeable 
cations 
K (cmol kg-') 0.14 0.34 • 0.07 0.17 * 
Ca (cmol k g ' ) 3.96 2.63 * 3.69 2.82 NS 
Na (cmol kg"') 0.15 0.21 * 0.13 0.19 * 
Mg(cmol k g ' ) 0.43 0.53 * 0.23 0.40 * 
KL = Kowloon Park： TSW = Tin Shui Wai Park 
For the T-tcst column, differences between the two parks were tested by independent sample T-tcst. 
p<0.05; NS: Not significant. 
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organic matter, C:N ratio, available phosphorus, total phosphorus and exchangeable 
Ca throughout the 0 - 30 cm soil profile. However, no significant difference was 
detected for C:P ratio, exchangeable K and Mg. Park differences on NH4-N and 
NO3-N were not significant in the topsoil layer for both vegetation covers, but were 
pronounced in the 10 - 30 cm soil layer. 
On the other hand, texture of turf soil in the two parks was similar, except the 
clay content at the 0 - 1 0 cm soil layer (Table 4.13b). Like the soils under trees and 
shrubs, significant differences were found in the pH level, TKN, SOM, PO4 and total 
phosphorus. But the C:P ratio of Tin Shui Wai Park turf soil was much wider than 
Kowloon Park. Furthermore, exchangeable cation content was observed to be 
significantly different between the two parks in soils covered with turfgrasses. 
Overall, the park with relatively longer duration of management (Kowloon Park) 
was richer in soil organic matter and contained higher stock of important nutrients 
like nitrogen and phosphorus. 
First of all, it is true that phosphorus can accumulate in soil with time. It is 
because P is relatively immobile in soil and is less likely to be leached from the soil 
system. Therefore, the longer the duration of cultivation, the richer the P content in 
soil. However, in urban park environment, the duration of management could not be 
easily distinguished from intensity of management. From the overview of 
horticultural routines of the two parks in Chapter 3，Kowloon Park has a more 
intensive management practice than Tin Shui Wai Park. The higher N content in 
Kowloon Park soils could be either a result of higher and more frequent cultural 
inputs within a short period of time, or a result of long-term accumulation of organic 
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matter for over 30 years, or the consequence of both effects. Though cation 
concentrations in Tin Shui Wai Park were generally higher than Kowloon Park, it was 
probably due to rich supply of various minerals from the rubbles and marine clay 
present in the soils. 
Management practices carried out in the park may either benefit or retard the 
long-term buildup of soil fertility. From the information provided by the park staff, 
the soil was initially amended with soil conditioners before planting. During the 
course of park management, fertilizers and mulches like peat moss and bark chips are 
added to augment plant nutrition. Pesticide and fungicide are also applied to control 
plant diseases so as to maintain plant health. Nevertheless, consequently as part of 
the management regime, grass clippings are removed after mowing, and leaf litter is 
raked away from the soil surface and ground and dumped as trash. Also, residuals 
from tree and shrub pruning are not composed and returned to the soil for effective 
nutrient cycling. As a result, sources of organic matter may only be confined to 
mulch addition and dead root decomposition of park vegetation. 
Following from the above, the quality of management may determine the pace of 
fertility buildup. Starting from the soil preparation stage, use of substrate with 
unstable physical and chemical properties, and mistreatment of the stockpiled soil 
could eventually lead to massive dieback of landscape plants in less than one year 
(Jim 1993). Substandard horticultural maintenance, like improper irrigation and 
fertilization, as well as inappropriate branch trimming and pest control practices, can 
weaken the vigor of ornamental trees and shrubs (Feucht and Butler 1988; Webb 1991; 
Brown 1996). This is also true for warm season turfgrasses, as poor maintenance 
can decrease the cold and drought hardiness as well as resistance to wear and diseases 
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(Carrow et al. 2001). Furthermore, if alleviation of recreational impacts (for 
example, soil compaction and erosion due to trampling) is not effective, soil quality 
will worsen through time. Further research on monitoring the change of soil quality 
in a new site through time would help to understand the relationship between 
management duration and soil quality. 
Of the influence of land use on park soil properties, though significant 
differences were observed in the two park soils, the effect of peripheral environment 
on soils was questionable. The more significant factor of soil chemical properties in 
these two parks appeared to be the inherent characteristics of the substrates being used. 
The differences in management intensity between parks further made the relationship 
unclear. As mentioned in Chapter 3, earth excavated from Happy Valley Racecourse 
was used as topsoil during renovation of Kowloon Park. This material is most 
probably decomposed granite as it was measured to have sandy texture and acidic pH. 
Soils in Tin Shui Wai Park contained concrete wastes and rubbles (especially soil 
under shrubs). This was justified the elevated pH values and calcium content recorded 
in Tables 4.2 and 4.11. From the foregoing and due to the differences in textural 
properties, differences in nutrient holding capacities might be pronounced. As a 
result, the capability of the two park soils to support plant growth is evaluated in the 
next section. 
4.5.3 Quality of substrates in Kowloon Park and Tin Shui Wai Park 
The basic function of a park soil substrate is to be an anchoring medium and a 
nutrient source for the ornamental plants. Understanding the nutrition status of the 
park soils is a way to find out the appropriateness and effectiveness of existing 























































































































































































































































































































































































































































































































































































































































































































evaluated against some standards, as enumerated by Landon (1991) and some critical 
levels suggested by Craul (1999) and Bradshaw et al (1995) for urban greenery 
(Table 4.14). Overall, Kowloon Park soils showed sufficiency in most nutrients, 
except exchangeable cations in turf soil. Nutrient status of Tin Shui Wai Park soils 
varied between vegetation covers, and the nutrient provision was found to be marginal 
or inadequate in most parameters. 
Soil pH level is closely related with the availability of macronutrients and 
micronutrients in soil, and pH 5.5 - 6.5 is the range for overall availability of most 
plant nutrients (Brady and Weil 2002). Comparing the pH values of the two park 
soils with Landon's (1991) ratings and Craul's (1999) suggested range, soils under 
both shrubs and turf in Kowloon Park and the turf soil in Tin Shui Wai Park were in 
the optimal level. The slightly acidic nature of park soils can be attributed to the use 
of urea and fertilizers containing sulfur coated urea (S.C.U.) in both parks, which are 
characterized by acidifying reactions that lower soil pH (Muller 2000). However, 
pH values of the shrub soil in Tin Shui Wai Park was elevated (7.36 - 7.78). This 
could be due to solubilization of alkaline substances like calcium carbonate from 
concrete wastes in soil, as mentioned in the previous section. The alkaline reaction 
may eventually be overcome by the acidifying nature of the added ammoniacal 
fertilizers, and continuous dissipation of the concrete material. 
It has been reported that urban soils in Hong Kong are mostly sandy in texture, 
which is not favourable for nutrient retention (Jim 1998a, 1998b, 1998f). Soil 
organic matter is important in maintaining soil fertility and provides extra ion 
exchanging sites to the mineral soil that help to increase nutrient holding capacity, and 
helps to enhance moisture conservation (Brady and Weil 1996). The organic matter 
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releases nutrients after decomposition by soil microorganisms. Of the optimal level 
of soil organic matter, there is no standardized rating among Landon (1991), Craul 
(1999) and Bradshaw et al (1995). However, since the present study is in urban 
park environment, Craul’s and Bradshaw's standards for urban soils are more relevant 
in referencing further discussion, despite their recommendations referred to temperate 
soil conditions. 
While it is generally reported that organic matter content in Hong Kong's urban 
soils is poor, SOM of Kowloon Park soils was remarkably higher than the various 
urban habitats in Hong Kong (see Table 2.1). SOM was 3.71 - 5.33% in soils under 
trees and shrubs and 3.11 - 4.54% in soils under turf, falling within the recommended 
content by Craul (1999) and Bradshaw et al (1995). On the other hand, SOM of 
both shrub and turf soils in Tin Shui Wai Park fell below the critical limit of the 
recommended content. The structure and content of SOM may not constitute a 
problem for the growth of turfgrass as their rooting zone concentrates at the surface 
soil, where an average 3.30% of SOM was measured. But for deep-rooting plants 
(the shrubs and trees), the SOM may not be sufficient to support their growth. The 
likely causes for lower SOM content in Tin Shui Wai Park include (a) the fact that 
decomposition of organic matter is fast under the warm, humid climate in Hong Kong; 
(b) the likelihood that inadequate amount of organic amendment is applied; and (c) 
the removal of leaf litter from the shrub beds as part of management, which is not 
practiced in Kowloon Park. 
Nitrogen is the most limiting nutrient for urban plants (Pulford 1991; Bradshaw 
et al. 1995). A concentration below 0.2% is considered low in Landon's (1991) 
ratings and it is also the critical level suggested by Bradshaw et al (1995). TKN in 
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the two park soils closely followed the pattern of SOM. In Kowloon Park soils, 
TKN content of the 0 - 1 0 cm layer falls above the critical level that was reported 
(Table 4.4)，but the subsoil layer was below the critical level. This marginal nitrogen 
content in the lower layer may affect the deep-rooting plant species of ornamental 
shrubs like Schefflera actinophylla and Dracena marginata planted in the park, which 
require high nitrogen input (Jones, 1998). 
Though augmented with several types of nitrogen-rich fertilizers (urea, S.C.U.， 
Greensome), total nitrogen content in Tin Shui Wai Park soil remained sub-optimal, 
with ranges of 0.05 - 0.15% in shrub soil and 0.05 一 0.17% in turf soil. Soil TKN in 
this park is marginal at 0 - 10 cm layer and deficient at 10 - 30 cm layer. 
Nevertheless, a value of about 0.15% can be regarded as representative for cultivated 
soils (Brady and Weil 2002). In order to further understand the quality of the 
substrates in the context of N, the balance of nitrogen input and loss in soil should be 
accounted for. The amount of nitrogen as the input added to soil can be related to 
the frequency and dose of fertilizer application, and the contribution of SOM to the 
nutrient pool. According to the survey of management routines of the parks reported 
in Chapter 3, although the fertilizer doses were unknown, vegetation in Tin Shui Wai 
Park is fertilized three to four times a year, which is less frequent than in Kowloon 
Park. Furthermore, the soil samples were collected during January and February 
2003，when it is not the prime growing season of both shrubs and grasses. In 
addition, the amount of fertilizer applied in winter was reduced according to the 
park's usual practice (personal communication with Mr. Paul Leung, Jan 2003), which 
may subsequently reduce the nitrogen content in the soil. Organic matter tends not 
to be an important supply of nitrogen in such intensively managed soil systems, where 
the instant effect of mineral fertilizers is much preferred. Nonetheless, low SOM 
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may imply a smaller adsorption capacity of the NH4-N and NO3-N ions, larger N 
leaching potential, and reduced efficiency of mineral fertilizers (Chau and Chan 
2000). 
On the fate of nitrogen in soil, the fertilizer N can be uptaken by plants, 
immobilized by soil microbes, locked up in organic colloids, and leached away from 
the soil system (Stevenson and Cole 1999). From the results shown in Table 4.7, 
mineral N (NH4-N and NO3-N) accounted for 1.45 - 1.89% of total N in Tin Shui Wai 
Park soil and 0.95 - 1.55% in Kowloon Park soil, which suggested that much N in 
park soils was held as organic forms. The gain and loss dynamics of mineral 
nitrogen will be further investigated and discussed in Chapter 5. 
Another important nutrient, phosphorus, had shown much variation in 
sufficiency in the two parks' soils. Comparing with Landon's (1991) ratings, total P 
in Kowloon Park (average over 800 fig g'') is rated as medium to high level. The P 
content in shrub soils in Tin Shui Wai Park fell into the medium level, while the turf 
soil has a concentration below 200 /xg g"' that is regarded as low. The variation of 
phosphorus content within Tin Shui Wai Park and between the two parks is much 
related to the difference in soil nutrient retention capacity and management intensity. 
The much richer content of SOM in Kowloon Park might have provided larger 
storage of cations and anions, including PO4-P, and the soil is more frequently 
fertilized, as mentioned earlier. Within Tin Shui Wai Park, the much higher silt and 
clay content in the shrub soil favor ion adsorption than the turf soil, despite low SOM 
content and high exchangeable Ca. 
However, it is also noteworthy that the total phosphorus content may not reflect 
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the actual availability of P in the soil. Indeed, it was reported that in most soils, the 
majority of P is present in Al- or Fe- bound fractions, calcium-bound fractions, as well 
as in the organic compounds (Graetz and Nair 1999). Although total P content of 
Tin Shui Wai Park shrub soil was much less than its Kowloon Park counterpart, the 
amount of available phosphorus was much larger at the 0 - 10 cm layer (Table 4.10a). 
As shown in Table 4.10b, PO4-P content consitiuted over 44% of total P in Tin Shui 
Wai Park shrub soil. This could have been caused by the residual fertilizer effect in 
the surface soil. In addition, replacement of shrubs might have been done in some of 
the sampling points prior to soil sampling, where P fertilizer was added as topdressing 
of the newly planted areas. This practice helps to encourage root development of the 
newly inserted shrubs. This fact, however, could not be authenticated, as planting 
records were not available at the time of this study. 
In addition, it was observed that both PO4-P and total P level were much higher 
at the 10 - 30 cm soil layer than the topsoil in Kowloon Park. Whether this is a 
result of cumulative effect on heaving leaching of P will be confirmed subsequently in 
Chapter 6. 
On the availability of cation nutrients, the two parks showed marginal to 
deficient concentrations of exchangeable cations, except the calcium content in shrub 
soils (5.62 - 5.69 cmol k g ' in Kowloon Park, and 8.59 一 9.44 in cmol kg ' in Tin Shui 
Wai Park). As compared with the critical level (0.24 cmol kg"') suggested by 
Bradshaw et al. (1995)，exchangeable K was similarly marginal in shrub soil and 
largely deficient in turf soil in Kowloon Park. On the other hand, only the surface 
soils in Tin Shui Wai Park had K content above the critical level. Moreover, based 
on Landon's (1991) ratings, turf soils in both parks were low in exchangeable Ca, and 
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all sites were marginal in Mg content. 
Leaching of bases from the soil system is not uncommon in areas under heavy 
rainfall. Besides, sandy soils, deficient in organic matter, are weak in retaining these 
mobile elements, especially K. Plant litter was not recycled in the parks, while the 
fertilizers used seemed to replenish less than the loss from plant uptake and leaching. 
As a result, composition of the fertilizers used in the two parks warrant further 
attention. 
The commonly used "triple-color-fertilizer" contains 10% soluble potash for K 
supply, however, others like urea, S.C.U. and Greensome are ammoniacal fertilizers 
that contain no cation nutrients. The dissolution of rubbles in Tin Shui Wai Park 
soils could be a possible source for soluble cations (Gilbert 1989). But this kind of 
supply is unreliable in the long term and may cause imbalance of other nutrients. 
Plants deficient of cations (especially K, Ca and Mg) are more sensitive to disease 
infestation, weaker to uptake other essential elements, and suffer from earlier decay 
(Tisdale et al. 1993). 
4.5.4 C:N and C:P ratio 
Relationships between soil carbon and biologically mediated elements (N and P) 
in an urban park environment tended to be different from natural soils (Pouyat 1997; 
Baxter et al. 2002). Regardless of park location and vegetation covers, C:N ratios of 
the park soils were in a range of about 10:1 to 14:1 as shown in Table 4.5. While 
C:N ratios as high as 30:1 are not uncommon in leached, acidic soils of humid regions, 
the urban park soils had narrow ratios falling typically into the range (8 - 15:1) for 
arable soil horizon (Brady and Weil 2002). The effect of cultivation, change in pH, 
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and availability of organic matter can all change carbon-nitrogen relationships. 
It has been observed that phosphorus held in organic form is likely to mineralize 
with C:P ratio below 200:1 (Stevenson and Cole 1999; Brady and Weil 2003). In the 
present study, the C:P ratios of the two parks' soils were far narrower than this level. 
A range of 23 - 38:1 was found in the two parks, but C:P ratio of Tin Shui Wai Park 
turf soil was exceptionally higher (83 一 121:1) (Table 4.9). The narrow C:P ratio 
may reflect a heavy dependence of P fertilizers in urban soil systems. It is because 
the amount of total phosphorus becomes much greater with the addition of P 
fertilizers. At the same time, input of organic material is negligible, as plant litter is 
not cycled. Consequently, reduced concentration of organic carbon and increase of 
total P narrows the soil C:P ratio. 
Although the much narrow C:N and C:P ratios in urban park soils resembled the 
characteristic of cultivated soil environment, and seemed to favor nutrient release, 
the efficiency of nutrient transfer from soil to plant is not very clear. Could this 
process be different from that of the cultivated soil environment or soils in natural 
environment? A fuller picture of nutrient transformations and fates in urban park 
environment will be further revealed in Chapters 5 and 6. 
4.6 Conclusion 
From the findings of the present experiment, several conclusions can be drawn: 
For the first objective, 
1. Differences of soil attributes between shrub and turf covers varied with parks and 
soil horizons. Turf and shrub soils in Tin Shui Wai Park were significantly 
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different in more parameters than the Kowloon Park counterparts. 
2. Mineral nitrogen pool sizes was similarly significantly different between 
vegetation types. In both parks, NO3-N pool predominated over NH4-N in 
shrub soils, while the ammonium pool was larger than nitrate pool in turf soil. 
3. There was less exchangeable cation concentrations in the 1 0 - 30 cm soil under 
turf. As the root zone of turfgrasses is usually in the surface soil, fewer 
nutrients are retained in the subsoil horizon. On the contrary, the deep-rooted 
shrubs and trees helped retain more nutrients in the lower soil layers. 
4. The far narrower C:N and C:P ratios of urban park soils than the suggested 
critical ranges have resembled the characteristic of cultivated soil systems, which 
heavily rely on mineral fertilizers. 
For the second objective, 
1. The relationship between management duration and improvement of soil quality 
was not clear, as management intensity cannot be easily distinguished from 
duration of park management. Besides, park horticultural practices and quality 
of soil management may determine the pace of soil fertility build-up. 
2. Effect of park location on park soil properties remained obscure. In the present 
study, the soil chemical properties in the two parks appeared to be more affected 
by the inherent characteristics of the fill materials and management intensities. 
For the third objective, 
1. Of the evaluation of park soil quality, Kowloon Park soils were generally better 
in nutrient status than Tin Shui Wai Park soils. The Kowloon Park soils were 
richer in SOM and contained more nitrogen and phosphorus. However, SOM 
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and TKN contents of both parks were marginal or deficient at 10 - 30 cm soil 
layer, which were possible to affect the growth of deep-rooting plant species. 
2. Phosphorus availability of Tin Shui Wai Park soils tended to be more fluctuating 
within park, and was deficient in turf soil. On the contrary, Kowloon Park soils 
contained much higher levels of total P and PO4-P between vegetation covers. 
3. There was a general lack of cation nutrients in both park soils, especially in the 
soil under turf. It was probably due to the sandy textures of the turf soil, 
associated with leaching by heavy rainfall, as well as the use of pure nitrogen 
fertilizers, which do not contain cations. 
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CHAPTER 5 
NITROGEN DYNAMICS OF URBAN PARK SOILS 
5.1 Introduction 
Mineralization of nitrogen is an important process of nitrogen cycling, in which 
N is converted from organic form into inorganic forms (ammonium and nitrate) that 
can be used by plants. Transformation of N is primarily biologically mediated (Paul 
and Clark 1996). It fluctuates with changes of temperature (Sierra 1997), moisture 
(Vinten and Smith 1993; Breuer et al 2002), pH level (Sapek 1996; Vinther and 
Eiland 1996), C:N ratio (Barber 1995), and was found responsive to vegetation and 
soil disturbances (Van Miegroet and Johnson 1993; Piccolo et al. 1994; Tsang 1997), 
as well as soil management activities (Watson and Mill 1998; Chau et al. 2000). In 
urban environment, the gain, transformation and loss of N are further complicated by 
unique urban climates, pollution, and changes of urban vegetation covers (Pouyat et al 
1997; Pouyat and Turecheck 2001; Baxter et al. 2002). In addition to the above 
factors, urban park soils are regularly cultivated and also under recreational impacts. 
What would be the resulting N mineralization pattern in urban parks is not yet clear. 
It has been found in Chapter 4 that there was a different pattern on the 
distribution of NH4-N and NO3-N pools in soils under shrubs, trees and the lawn 
substrates. Will the N mineralization pattern be different between vegetation types? 
The two park soils were inherently different in soil texture and nutrient holding 
capacity. SOM and TKN content of the two park soils, regardless of vegetation 
covers, were generally higher in Kowloon Park, but marginal to deficient in Tin Shui 
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Wai Park. However, concentrations of NH4-N and NO3-N were not greatly different 
between the two parks (see Table 4.13a & b). Will N fluxes vary between the two 
parks? Can fertilizer application regulate N availability of soils with varied textures? 
Moreover, for the sake of pollution prevention and enhancement of N use 
efficiency, nitrification rate and leaching of nitrogen are issues of concern in 
cultivated soil systems, where nitrogen fertilizers are used. In the present study, pure 
nitrogen fertilizers like urea and sulfur coated urea were used in both parks. Are the 
ammonification and nitrification rates in urban park soils higher than other soil 
systems? Is mineral N (both NH4-N and NO3-N) tightly retained in the soil and 
efficiently used by the plants? Will this trend be a serious concern as it affects the 
urban park soil system? 
In Hong Kong, study of N mineralization was attempted on planter soils (Chan 
1997), where plants were grown in confined environment, with restricted rooting 
volume, nutrient and moisture supply. The further study of other urban habitats may 
help elucidate the extent of N behavior in urban environment. Indeed, the present 
study is also a first attempt to carry out nitrogen dynamics research in Hong Kong 
urban parks. 
Objectives of this chapter were as follows: 
1. To investigate N mineralization, leaching and uptake patterns of the park 
soils; and find if there is any difference of N fluxes between parks, 
vegetation covers, as well as differences between wet and dry seasons; 
2. To find out the effect of park management practice on N dynamics. 
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5.2 Methodology 
5.2.1 In situ soil incubation 
The in situ sequential coring method postulated by Raison et aL (1987) was 
adopted for the measurement of N and P processes. As plant and soil biological 
activities are more concentrated in the surface soils, the 0 - 10 cm park soils under 
both shrubs and turf were sampled. Incubation experiments were conducted 
separately in the wet and dry season within one year (2002 - 2003). 20 samples 
were taken from each type of vegetation cover in both parks, with the sampling points 
following the locations of baseline soil study to reduce variation in results. 
The soil samples were collected at the start (Time 0) of each incubation period 
(Tl). At the same time, aluminum tubes which were 5 cm in diameter and 15 cm in 
length, were inserted into a depth of 10 cm (Figure 5.1). Each sample point has a 
pair of aluminium tubes. One was covered (c) with plastic while another was left 
uncovered (o). The tubes were left for in situ incubation for three weeks in wet and 
dry season, from June to August 2002 and from January to February 2003 respectively. 
While the incubation lasted for 21 days in all sites during the wet season, incubation 
durations in dry season ranged from 17 to 40 days, due to vandalism prevention and 
unavailability of logistics for sample collection during and after Chinese New Year 
holidays. The duration of the incubation experiments are shown in Table 5.1., while 
the weather conditions in the wet and dry season during 2002 - 2003 were 
summarized in Table 5.2. 
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TIME 0 • START OF INCUBATION TIME 1 » END Or INCUBAT.ON 
i • 
rtiifi：愉 
T1 OPEN COVERED T2 
CORE CORE Figure 5.1 Principle of the in situ incubation technique (Debosz & Vinther 1989) 
Table 5.1 Duration of the in situ incubation experiments 
� ^ ^ W e t season (June - August) Dry season (January - February) 
Incubation period Days Incubation period Days 
TSW Shrubs 25-6-2002 to 16-7-2002 21 12-1 -2003 to 6-2-2003 
TSW Turf 26-6-2002 to 17-7-2003 2 1 _ 13-1-2003 to 30-1-2003 I v ^ 
KL Shrubs 11 -8-2002 to 1 -9-2002 21 9-1-2003 to 18-2-2003 40 
KL Turf 2-8-2002 to 23-8-2002 21 10-1-2003 to 5-2-2003 26 
Table 5.2 Weather conditions of the wet and dry season 
Month Mean temperature (°C) Rainfall per day (mm) 
Wet season JUN 2002 28.8 7.92 
JUL 2002 28.9 10.35 
AUG 2002 28.4 11.80 
Dry season JAN 2003 16.1 0.7 
FEB 2002 18.5 0.54 
Source: Extracts of meteorological observations for Hong Kong, Hong Kong 
Observatory, retrieved IS^ *" May 2003，from http://www.weather.gov.hk. 
At the end of each incubation period (Time 1)，new soil samples (T2) were 
collected, as well as those that had been incubated in the open (o2) and closed (c2) 
tubes. All collected samples were returned to the laboratory and kept in the 
refrigerator at 4 ± 1°C after passing through 0.5 mm sieve. Each sample was then 
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extracted for the determination of NH4-N, NO3-P and PO4-P, in accordance with 
procedures described in part 4.2.5 and 4.2.7 of Chapter 4. 
5.2.2 Determination of N mineralization, leaching and uptake 
N mineralization, leaching and uptake were determined by calculating the sum 
of changes in mineral N for each of the incubation period. All values represent 
means of the actual number of intact samples from each site and are expressed as 昭 
g-丨 day-i. The formulae for calculation of N changes were adopted from Chan 
(1997); which were originated from Nadelhoffer et al (1984), Raison et al (1987) 
and Debosz and Vinther (1989). These formulae were summarized below: 
• Net N mineralization 
ANHj = net ammonification during incubation 
= N H 4 ( c 2 ) - N H 4 ( t i ) 
ANO3 = net nitrification during incubation 
= N03(c2)-N03(T1) 
Nmin = net mineralization during incubation 
= ANH4 + ANO3 
where: NH4 (71) and NCb (ti) are the NH, and NO3 contents of bulk soil at the start (Time 0) of the 
incubation period. NH, (c2) and NO3 (c2) are the NIHU and NO3 contents of the covered (c2) 
soil at the end (Time 1) of the incubation period. 
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• Leaching of N 
NH4 leach = leaching of ammonium during incubation 
= N H 4 ( c 2 ) - N H 4 ( o 2 ) 
NO3 leach = leaching of nitrate during incubation 
= N 0 3 ( c 2 ) - N 0 3 (02) 
Nicach = leaching of mineral nitrogen during incubation 
= NH4 leach+ N03 1«ch 
where: NK, (<：2) and NO3 (c2> are the NR, and NO3 contents of the covered (c2) soil at the end (Time 
1) of the incubation period. NEi (�2> and NO3 (�2) are the NH4 and NO3 coutents of the open 
(o2) soil at the end (Time 1) of the incubation period. 
• Uptake of N by vegetation 
Nupuke = (Nmin) - (Asoil mineral N pool) - (losses) 
= [N(c2) - N ( t i ) ] - [N(T2) - N ( t i ) ] - (losses) 
= N(c2) - N(T2) - (losses) 
where: N(c2) is the mineral N content of the covered (c2) cores at the end of the incubation period 
(Time 1), and N(ti> and N(T2) are the mineral N contents of bulk soil at the beginning (Time 
0 � a n d end (Time 1), respectively, of the incubation period. Losses are the changes in soil 
mineral N contcnt resulting from either leaching or denitrification. Denitrification is 
assumed to be zero unless independent measurements indicate otherwise, and leaching is also 
zero in covered (c) cores but maximal in open (0) cores. As leaching = - N(�2)，Nupta,,, can 
be simplified from the above: 
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Nuptakc = N(C2) - N(T2) - (losses) 
= N ( , 2 ) - N C T 2 ) - [ N ( C 2 ) - N ( 0 2 ) ] 
= N(O2) - N ( T 2 ) 
As a result, uptake ofNHi, NO3 and total mineral N are calculated as follows: 
NHj upakc = uptake of NH4 during incubation 
= NH4(o2)-NH4(T2) 
IN upukc = uptake of NO3 during incubation 
= N 0 3 ( o 2 ) - N 0 3 ( T 2 ) 
Nupuke = uptake of mineral nitrogen during incubation 
= N H 4 u p t a k e + N O 3 uptake 
where: NH, (02) and NO3 (02) are the NR, and NOj contents of the open (o2) soil at the end (Time 1) 
of the incubation period. NH4 cn) and NO3 (T2) are the NH4 and NO3 contents of bulk soil at 
the end (Time 1) of the incubation period. 
Statistical analysis was not carried out with the incubation data as only pooled 
data were used for calculation of net ammonification and nitrification rates. This 
way of treating the data complies with that of Raison et al. (1987), who first initiated 
the sequential coring method, and enables comparisons with other similar studies. In 
the calculations of nitrogen leaching and uptake, negative values were frequently 
obtained which do not have any biological meaning (Nadelhoffer et al. 1984). As a 
result, these were left out in further statistical analysis. 
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5.3 Results 
5.3.1 Net ammonification, NH4-N leaching and uptake 
Net ammonification presented opposite trends between wet and dry seasons 
(Table 5.3). Mineralization of NH4-N was detected at all sites in the wet season. 
Overall，ammonification rates in Tin Shui Wai Park were higher than Kowloon Park 
(0.14 fig g-i day"' for shrub soil and 0.06 fig g ' day"' for turf soil). Moreover, 
ammonification rates of shrub soils were generally higher than turf soils in both parks. 
Mineralization rates of turf soils were approximately 40% of the rates of shrub soils. 
In the dry season, immobilization occurred at all sites. In contrast to ammonification, 
immobilization of NH4-N was much stronger in Kowloon Park, while the amount of 
NH4-N immobilized in shrub soil and turf soil of Tin Shui Wai Park were relatively 
similar. 
Table 5.3 Net ammonification, NH4 leaching and NH4 uptake ( " g g.丨 day') in the two parks 
Ammonification* Leaching Uptake 
Wet season Dry season Wet seasonlDry season Wet seasonlOry season 
T S W S h r u b 0 . 1 4 -0 .39 0 n n i 0.15 0.03 
K L S h r u b 0 . 0 9 -0.58 - 0 . 0 7 ~ -0 .15 -0.01 
T S W T u r f 0 .06 -0 .40 -0.17 ~ - 0 . 0 8 
K L T u r f 0 . 0 4 -0 .70 0.01 -0 .58 -0 .19 0 .38 
孝 Negative values for ammonification denote immobilization, while that of leaching and uptake 
are of no biological meaning (Nadelhoffer et al. 1984). 
In the wet season, leaching of NH4-N was detected in both parks except in the 
shrub soil of Kowloon Park. Comparatively, leaching was more severe in Tin Shui 
Wai Park soils, as both shrub and turf soils had a leaching rate of 0.03 /xg g"' day]. 
In the dry season, leaching was detected only in soil under shrubs in Tin Shui Wai 
Park, but not of the other sites. 
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No uptake was detected in the park soils during the wet season, regardless of 
vegetation covers and parks, and also in the turf soil of Tin Shui Wai Park during the 
dry season. However, plant uptake of NH4-N mainly occurred during the dry season, 
with the highest rate detected in Kowloon Park turf soil (0.38 fig g"' day]), three 
times more than the shrubs in the same park and ten times of the amount detected in 
Tin Shui Wai Park shrubs. 
5.3.2 Net nitrification, NO3-N leaching and uptake 
Different nitrification pattern was found between shrub and turf soils in the wet 
season. Immobilization occurred in the shrub-covered soil of both parks at similar 
rates, while net nitrification was detected in the turf soils (Table 5.4). The turf soil in 
Tin Shui Wai Park showed a nitrification rate that doubled the amount detected in 
Kowloon Park. Unlike the pattern of ammonification, nitrification was more 
prominent at all sites during the dry season. The highest rate was recorded in shrub 
soil of Kowloon Park (0.45 fig g"' day''). Moreover, nitrification rates of the turf 
soils in both parks were greater during dry season. In Kowloon Park, soil under 
shrubs nitrified more than the turf soil, while in Tin Shui Wai Park, the turf soil 
nitrified more than soil under shrubs and trees. 
Table 5.4 Net nitrification, NO3 leaching and NO3 uptake (；^  g g'' day"') in the two parks 
Nitrification* Leaching Uptake 
Wet season Dry season Wet season Dry season Wet season Dry season 
TSW Shrub 0.15 0.12 ~ 0.06 -0.20 0.03 
KL Shrub -0.16 0.45 -0.18 0.47一 -0.07 — 0.06 
TSW Turf —0.23 ""“0.39 0.20 0.20一 0.01 — -0.31 
KLTurf 0.11 0.18 0 24 -0.09 -0.01 0.11 
* Negative values for nitrification denote immobilization, while that of leaching and uptake 
are of no biological meaning (Nadelhoffer et al. 1984). 
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Similar to NH4-N, nitrate leaching was not detected in Kowloon Park shrub soil 
during the wet season. However, the highest leaching rate was recorded in the park's 
turf soil, which was 0.24 fig day"'. Besides, leaching was more severe in turf soil 
than in shrub soil in Tin Shui Wai Park. Leaching of NO3-N continued in the dry 
season in both parks, yet it ceased to occur in the Kowloon Park turf soil. Leaching 
loss increased in Kowloon Park shrub soil and Tin Shui Wai turf soil during winter, 
but was greatly reduced in the shrub soil of Tin Shui Wai Park and the Kowloon Park 
turf soil. 
Trend of NO3-N uptake in wet season followed closely that of NH4-N, except 
where it was detected in Tin Shui Wai Park turf (0.01 jUg g'' day'^). In the dry season, 
a different pattern was observed with the highest rate being detected in Kowloon Park 
turf soils, being 50% more than that detected in the shrub soil within the park. 
Shrubs and trees in Tin Shui Wai Park had a NO3 uptake rate similar to NH4 during 
dry season, while the vegetation in Kowloon Park uptook much smaller amount of 
NO3 than NH4. 
Overall, net change of NO3 in urban park soils was much greater than NH4. 
Seasonal patterns of mineralization and leaching were contrasting between the two 
forms of mineral N. The plant uptake patterns of NH4 and NO3 were, however, 
similar between wet and dry seasons. 
5.3.3 Net N mineralization, N leaching and uptake 
Comparing Tables 5.3 and 5.4, it was found that nitrification dominated over 
ammonification in urban park soils in this study. Nitrate also showed greater 
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fluctuations on gains and losses between parks, vegetation types and seasons. The 
composite balance of N mineralization, leaching and uptake are shown in Table 5.5. 
Table 5.5 Net N mineralization, N leaching and N uptake (// g g] day"') in the two parks 
Mineralization* Leaching Uptake 
Wet season Dry season Wet season Dry season Wet season Dry season 
TSW Shrub -0.01 -0.24 0 . 1 4 ~ 0.07 -0.35 “ 0.06 
KL Shrub -0.07 -0 .14~ -0.24 “ 0.32 -0.08 一 0.16 
TSW Turf 0.29 -0.01 ~ 0.23 ~ -0.28 -0.16 一-0.39 
Turf 0.15 -0.52 0 . 2 5 ~ -0.67— -0.20 0.49 
* Negative values for mineralization denote immobilization, while that of leaching and uptake 
are of no biological meaning (Nadelhoffer et al. 1984). 
The fluxes of N were generally greater in Kowloon Park soils, and greater in 
turf-growing soils than the soils under trees and shrubs. Immobilization of N 
occurred only in shrub soils during the wet season, and in all sites during the dry 
season. N leaching mainly occurred in the wet season, with loss rates much higher 
in turf soils than shrubs. While N leaching was generally reduced in the dry season, 
the amount increased in Kowloon Park shrub soil, mainly in the form of NO3-N. 
Overall, N uptake was undetectable during the wet season, but vigorous during winter, 
except the Tin Shui Wai Park turf soil, where the negative value had no biological 
meaning. 
5.4 Discussion 
Though nitrogen is often regarded as a limiting macronutrient for plant growth, 
its dynamic behaviour under an urban recreational environment has been rarely 
studied. Subjected to intensive management and fertilizer application, the 
distribution of mineral nitrogen pools in urban parks soils had been found to be 
unique from other natural soils in subtropical environment (see Chapter 4). While 
the present study is the first attempt to study N dynamics in urban park soils in Hong 
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Kong, comparison of the present findings with other studies will be made in order to 
generate some unique characteristics of the park soils. Besides, the seasonal 
difference of N fluxes between vegetation cover and between parks, and how these 
are related to management practices will also be examined. 
5.4.1 Nitrogen mineralization and immobilization 
Seasonal trends of ammonification were found to be different from nitrification. 
Moreover, the net N mineralization was a result of combined effects of NH4-N and 
NO3-N mineralization and immobilization. In the wet season, net N mineralization 
followed the wet season pattern of nitrification, while it followed the ammonification 
pattern in the dry season. Overall, nitrification predominated over ammonification 
regardless of sites and vegetation covers. 
The net ammonification in wet season was probably caused by the addition of 
fertilizer N, as fertilizers like urea or sulphur coated urea were the majority of 
nitrogen nutrition in the two parks. There was no pronounced difference of 
ammonification rate between vegetation covers, though higher rates were detected in 
shrub soils. The difference between shrub soil and turf soil could possibly be caused 
by a series of complicated influences related to micro-environmental differences and 
management practices in the urban parks. For example, heat and moisture regime 
could be different for soils covered with different vegetation. It was reported that 
more fluctuating temperature patterns can increase N mineralization (Sierra 2002). 
A shaded condition under shrubs and trees would be different from open lawns 
exposed to full sunlight, hence resulting in varied microbial activities. Application 
of mulch on soil surface may reduce evaporation of soil moisture and avoid direct 
heating up of soil under sunlight. Moreover, fertilizer doses might differ in order to 
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meet the need of a variety of plant species. 
On the other hand, nitrate production tended to predominate over 
ammonification in both wet and dry seasons. Although there was immobilization in 
shrub soils, nitrification was observed in turf soils during wet season, and much 
stronger rates were recorded at all sites in the dry season. There are two possible 
reasons. Firstly, higher fertilizer input favors the dominance of nitrate, because 
nitrifiers can compete more successfully with plant and microbial uptake of NH4-N 
with increasing amount of previous fertilizer input (Watson and Mill 1998). 
Secondly, moisture condition during the dry season may favor nitrification. With the 
absence of rainfall in the dry season, replenishment of soil moisture depends on 
irrigation. This can create wet-dry cycles in tune with irrigation intervals. Soil 
exposure to frequent dry-rewetting events inhibits CO2 release upon rewetting and 
dramatically boosts the activity of autotrophic nitrifiers in soil, hence stimulates 
nitrate production (Sparling et al 1995; Fierer and Schimel 2002). Reported by 
Stevenson and Cole (1999), drying can kill microorganisms in soil and thus create a 
good source of easily degradable nitrogenous substances, i.e. the dead cells, for 
further decay. As a result, drying leads to the conversion of organic N into more 
soluble compounds that can be utilized by microbe regenerated from rewetting, and 
mineral N releases (Stevenson and Cole 1999). Nevertheless, why it wasn't the case 
for ammonium nitrogen, which showed immobilization in dry season? The 
regenerated microorganisms would have assimilated much of NH4-N during the 
wet-dry cycles and remineralized the dead organic material in the form of NO3-N. 
This was possible as ammonium has been regarded as the preferred form utilized by 
microorganisms for growth (Beevers and Hageman 1983; Stevenson and Cole 1999). 
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As a whole, the more prominent nitrate production did not lead to the overall 
gain of mineral N during the study period, due to weak ammonification and strong 
immobilization of NH4-N. Net N mineralization was detected only in the wet season 
on the turf soils of the two parks as shown in Table 5.5. As mentioned in Chapter 4, 
the low soil organic matter content of urban park soils could be due to rapid 
decomposition in humid climate in Hong Kong. When soils are associated with 
narrow C:N ratios, this will result in intense N mineralization. However, this was 
not the case in the present incubation experiment. Park horticultural practice like 
mulching with tree bark chips under the shrubs can induce nitrogen immobilization, 
as the C:N ratios of the bark chips commonly used in Hong Kong can be as high as 94 
(Jim 1996). It may cause disruption of mineral nitrogen supply for park vegetation, 
especially the trees and shrubs, as N immobilization occurred throughout the year. 
5.4.2 Comparison with other studies 
In an attempt to further understand the dynamics of N in the urban park soils, it 
is necessary to investigate how it compares with the natural soil systems. Is the 
nitrogen behavior of urban park soils different from other natural or agricultural 
vegetation communities? Is there any discernible difference between urban park 
soils and other urban habitats? A range of overseas and local studies with similar 
climatic conditions or with similar incubation methods employed was selected to 
compare with the present study (Table 5.6). These included Brazilian Amazon forest 
and pastures (Piccolo et al. 1994), plantation forests in Southern China (Li et al 
2001)，grassland and forest ecosystems in Central Taiwan (Owen et al. 2003), 

























































































































































































































































































































































































































































































































































































































































































































































































































(Tracy et al. 1990)，and planter vegetation in Hong Kong (Chan 1997). 
Comparing individual mineral N form in general, ammonification of urban park 
soils is the lowest among the various ecosystems. Only the shrub soil in Tin Shui 
Wai Park had a comparable rate with the Pinus elliotii forest in Southern China (Li et 
al. 2001). Moreover, NH4-N production rates of urban park soils were similarly 
lower in content among the local studies (Yau 1996; Chan 1997) and among 
cultivated systems (Tracy et al. 1990; Chan 1997). However, NH4-N immobilization 
occurred frequently as like the planter soils and was comparable with the new bum 
grassland soil. Since various ammoniacal fertilizers were applied in both urban 
parks, why were the ammonification rates so low? Is the urban park environment 
more stressful for ammonifiers? Immobilization occurs when there is a flush of 
mineral N and rapid proliferation of soil microorganisms (Klemmendson et al. 1989; 
Hadas et al. 1992). Thus, addition of mineral fertilizers, favorable climatic condition 
in Hong Kong associated with irrigation throughout the year can accelerate N 
immobilization. Use of mulches with wide C:N ratios can also intensify 
immobilization. Furthermore, the much stronger NH4 immobilization in the park 
soils than the planter soils would possibly imply that the park soils were much more 
heavily fertilized. 
The predomination of nitrification in urban park soils was in line with the 
agricultural soils (Tracy et al. 1990) and the tropical rainforest (Piccolo et al. 1994), 
but was disagreed with other subtropical soil studies which reported a predomination 
of ammonification (Yau 1996; Li et al 2001). As aforesaid in section 4.5.1 and 
earlier in this part, cultivation environment tends to favor nitrate production, as 
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addition of fertilizer increases the competitiveness of nitrifiers. On the other hand, 
the commonly lower soil pH levels (below 5) of subtropical natural soils favored the 
accumulation of ammonium ions (Sapek 1996). The peak nitrification rate of urban 
park soil (0.44 fig g"^  day was not as high as the mature tropical rainforest in 
Brazilian Amazon and wheat cultivation. It was because mature forests have 
developed an efficient mechanism for organic matter and nutrient cycling under 
undisturbed environment (Van Miegroet and Johnson 1993); while the wheat 
cultivation was a mature agroecosystem operated since 1969 (Tracy et al. 1990). On 
the other hand, the nitrification rates of urban park soils were relatively comparable to 
the legume plantations (Li et al 2001) and the new bum grassland studied by Yau 
(1996). Though both planter soils and the park soils in the present study belong to 
the "urban" category, nitrification rates were much lower in planter soils. This 
probably reflects the fact that the more confined and stressful soil environment of 
street planter soils appear to inhibit nitrifiers' activities, and it deserves further 
investigation. 
On net N mineralization, the rates of urban park soils were lower than either 
fertilized or unfertilized vegetation communities, except the urban park shrub soils 
were found comparable with Acacia auriculiformis, Pinus elliotii and mixed legume 
plantations (Li et al 2001). Also, N mineralization rates of turf soils compare 
favorably with the 9-year and 20-year old pastures in Brazilian Amazon (Piccolo et al. 
1994) and the grassland zone in Central Taiwan (Owen et al 2003). 
5.4.3 Nitrogen leaching and uptake 
Leaching of nitrogen occurred in both wet and dry season, and on the whole, 
nitrate leaching was the major form of N loss. N leaching in the urban park 
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environment can be induced by both heavy rainfall and irrigation during wet season, 
while it can be largely caused by irrigation during dry season. 
For both NH4-N and NO3-N in the wet season, leaching was not detected in the 
shrub soil in Kowloon Park, but strong leaching of nitrate was observed in the site 
during the dry season. This was contrary to the leaching trends of turf soil in the same 
park, as well as the Tin Shui Wai Park soils. The mature trees in Kowloon Park 
would probably intercept some rainfall for the shrub soil during the wet season, but it 
seems more likely that the site was undergoing a different irrigation regime from sites 
covered by grass. 
Besides, soil texture of the park soils could affect the amount of leaching loss. 
The more silty and clayey shrub soil in Tin Shui Wai Park showed less leaching than 
the more sandy Kowloon Park soils for both seasons and both forms of mineral N. 
Leaching loss of ammonium nitrogen was less severe than nitrate. During the 
wet season, the relatively weak ammonification rate had reduced the amount of 
NH4-N available for leaching loss. Moreover, strong immobilization of NH4-N and 
occurrence of plant uptake in dry season further inhibit leaching in the winter months. 
Conversely, the higher nitrification rates of the park soils gave rise to severe leaching 
of NO3-N, as the process of nitrification converts less readily mobile NH4-N into 
more mobile NO3-N that easily leached out of the soil profile. In addition, plant 
uptake tended to be less efficient to restrain NO3-N from leaching loss, as the amounts 
of nitrate uptake were not as high as NH4-N as seen in Table 5.4. 
Comparing Tables 5.3 with 5.4, the park vegetation generally uptook more 
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NH4-N than NO3-N. However, there was no significant difference between NH4-N 
and NO3-N uptake by the trees and shrubs in Tin Shui Wai Park. Indeed, positive 
uptake of NO3-N by TSW turf occurred during the wet season, while no uptake of 
NH4-N was detected throughout the study period. The general preference of NH4-N 
by park vegetation was consistent with the uptake pattern reported by various local 
studies on sites under immediate and long-term effects of fire, and planter soils (Yau 
1996, Marafa 1998; Chau et al. 2000). It has been reported that ammonium nitrogen 
is favoured by higher plants because NH4-N can be metabolized directly, whereas 
NO3-N has to be reduced first before it can be incorporated into organic plant 
constituents (Van Miegroet and Johnson 1993). 
Plant uptake was mainly detected in the dry season, with the highest N uptake 
rate observed in the turf in Kowloon Park. While it is unlikely that no nutrient 
absorption occurred in the summer growing season of plants, why did negative N 
uptake values are recorded during wet season? Such results had also occurred in 
other studies (Nadelhoffer et al 1984; Yau 1996; Tsang 1997; Chan 1997). This 
could be due to a number of possible reasons: 1) production of mineral N in the T2 
samples was higher than the open cores, as caused by accumulation of liable organic 
N from root decay of plants in soil (Chan 1997); 2) prolific weed invasion observed in 
open cores during the wet season incubation, which might draw away mineral N from 
the core soil; 3) leaching loss of N in wet season reduced the amount of mineral N 
available for plant uptake, thus causing the plant uptake to be less detectable. 
Nevertheless, the negative uptake values were of no biological meaning (Nadelhoffer 
et al. 1984). 
Furthermore, the Tin Shui Wai Park turfgrasses appeared to have a different N 
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uptake habit from the Kowloon counterparts. While uptake was predominated by 
negative values, positive uptake of NO3-N was recorded in Tin Shui Wai Park turf 
during the wet season, but uptake occurred in the turf of Kowloon Park during the dry 
season. The sampling points in Tin Shui Wai Park were mainly located in the lawns 
growing Bermuda grass {Cynodon dactylon) and Manila grass {Zoysia matrella), 
while the incubation experiment in Kowloon Park was mainly carried out on 
Broadleaf Carpet grass lawns {Axonopus compressus). Was it related to the growing 
habits of individual turfgrass species? 
The three types of grasses are perennial warm-season species, which grow best at 
temperatures over 27°C and become dormant when temperature drops below 10°C 
(Emmons 2000). The growth of Bermuda grass becomes very slow when 
temperature drops to about 15 °C (FAO 2004). In Hong Kong environment, 
complete dormancy of warm-season grasses is unlikely due to mild winter climate. 
During the dry season of the present study, the temperatures were 16 - 19°C (see 
Table 5.2). Therefore, the three grass species were still growing in winter but much 
slower than in summer, and uptake of nutrients by turfgrasses should occur all year. 
However, only Manila grass was observed with significant sign of dormancy (turn 
into yellowish brown color) in both parks during the winter months. It was because 
Zoysia matrella is the most sensitive to temperature drop among the three species and 
its growth vigor is the weakest in winter (Personnal communication, Dr. K.C. Chau, 
2004). This may partly explain the negative N uptake in Tin Shui Wai Park turf 
during the dry season, while the major reasons were mentioned earlier in this part. 
However, the relative nutrient demand as well as the preferred source of nutrients for 
different turf species can be better confirmed by plant tissue analysis, which is beyond 
the scope of this research. 
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In the present study, plant uptake and leaching loss of N appeared to be 
complimentary, as positive uptake values were often associated with smaller or 
negative leaching values. To this end, due to the general preference for NH4 by the 
park vegetation, the larger amount of NO3-N produced from nitrification process is 
left unretained and prone to leaching loss. Nitrate concentrations and leaching 
potential are influenced by N source, irrigation method, and rainfall (Lee et al. 2003). 
The use of ammoniacal fertilizers in both urban parks should be able to meet the 
demand of the majority of plants and soil microorganisms. However, the 
predominance of nitrification and NO3-N leaching would probably be induced by 
overdose of N fertilizer, whereas nitrifying bacteria can compete more successfully if 
the amount of mineral N exceeds the need of plants and microorganisms, a situation 
similarly reported by Watson and Mill (1998). Furthermore, Van Miegroet and 
Johnson (1993) observed that alleviation of N competition may stimulate NO3-N 
production and leaching. In this regard, the use of fast-release fertilizer in both parks, 
i.e. urea, may also accelerate N leaching potential. Additionally, the role of soil 
organic matter was not significant enough to reserve NO3-N in park soils. Although 
the highest SOM content was found in Kowloon Park shrub soil (Table 4.3), the site 
recorded the highest NO3-N leaching rate (see Table 5.5). Leaching of N should be 
an issue of concern to park managers with respect to fertilizer usage and potential 
environmental pollution it might cause. 
Following from the above discussion, there is the need to further study and 
understand the dynamics of N in the urban park soils to achieve maximum 
productivity. For instance, if N mineralization can be synchronized with optimal 
plant growing conditions and growth peaks of different plant types, leaching loss of N 
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could be minimized. Furthermore, there is the need to match the nitrogen release 
from fertilizers in terms of amount and timing with plant optimum growth period. 
This will then be beneficial for the health of warm-season turfgrasses (Staib 2002) 
and be effective leaching control (Lee et al 2003). Although this might seem to 
apply to turfgrass management, it will similarly be applicable to other landscape 
plants used in the parks. 
5.5 Conclusion 
From findings of the present experiment, several conclusions can be drawn: 
For the first objective, 
1. Both ammonification and nitrification were detected in the urban park soils. 
Nitrification predominated over ammonification. However, net N 
mineralization only occurred in soils under turf during wet season. 
2. Immobilization of NO3-N was detected in the shrub soils in wet season, while 
strong immobilization of NH4-N occurred in all sites during dry season. These 
resulted in an overall prevalence of net N immobilization throughout the study 
period. 
3. Nitrate leaching was more severe than ammonium. While NH4-N leaching 
mainly occurred in wet season, much higher leaching rates were recorded for 
NO3-N in both seasons. 
4. N uptake was recorded mainly in dry season, and the highest uptake rate was 
recorded in Kowloon Park turf soil, while no N uptake was detected in wet 
season. 
5. The results indicated that the park vegetation generally preferred NH4-N to 
NO3-N. Besides, growing habits of individual turfgrass species have led to 
different N uptake pattern between the two parks. 
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For the second objective, 
1. Different irrigation regimes have caused variations of leaching patterns among 
sites and between seasons. Dry season irrigation created wet-dry cycles of park 
soils that may favor growth of nitrifying bacteria, thus boosting nitrification. 
2. Consistent fertilizer input, overdose of N fertilizer, and use of fast-release 
fertilizer were the possible reasons for strong nitrification and severe NO3-N 
leaching in urban park soils. 
3. Overall, N dynamics in urban park soils is complicated due to variations of 
management practices within and between parks, plant growing habits, and 
localized factors. 
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CHAPTER 6 
PHOSPHPORUS DYNAMICS OF URBAN PARK SOILS 
6.1 Introduction 
While the nitrogen dynamics in urban park soils were explored in the previous 
chapter, similar questions about nitrogen fluxes should also be asked for the behavior 
of phosphorus in the urban soil environment, such as seasonal mineralization and 
leaching rates, differences between vegetation types, and so on. Phosphorus is 
regarded as the most limiting nutrient for plant growth after nitrogen, and its 
availability and transformation is also closely linked to microbial activities (Huffman 
et al. 1996). Additionally, soil P fluxes are further complicated with chemical 
reactions, as soluble P can be fixed by Al and Fe compounds in acid soils, and by Ca 
compounds in alkaline soils (Barber 1995; Frossard et al. 1996). However, the study 
of P mineralization is not as well represented as N in the literature, not to mention P 
studies in urban soils. 
Our understanding of phosphorus dynamics mainly comes from studies of 
natural ecosystems or agroecosystems. Soil phosphorus level in natural terrestrial 
ecosystems is usually about one-tenth of that of nitrogen (Stevenson and Cole 1999; 
Brady and Weil 2002)，and is largely conserved by the biomass (Gressel and McColl 
1997). In cultivated systems, management activities like fertilization and placing 
crop residues on soil can increase the liability of P in soils (Huffman et al 1996; 
Leinweber et al. 1999). Besides, residual P fertilizer in cropping systems will 
transform slowly into less available P forms (Zheng et al 2002; Zhang et al. 2004). 
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On the other hand, of the scanty information available, it was reported that urban 
environmental factors like atmospheric pollution and change in litter quality could 
reduce liable P availability in urban forest soils (Baxter et al. 2002). Past human 
activities have led to the accumulation of P in urban soils, as soluble, organic and total 
P pools were found to be much larger in urban soils than in rural soils (Zhang 2004). 
Zhang (2004) further asserted that phosphorus in urban soils is largely locked up in 
occluded or less soluble fractions, although its soluble pool sizes are still larger than 
the rural counterparts. P mineralization rate in planter soils was not as effective as N 
mineralization (Chau et al 2000). 
While Chau et al (2000) have investigated the nutrient dynamics and N and P 
mineralization in the planter soils in Hong Kong, such investigations have not been 
reported on urban recreation sites. In particular, P dynamics of soils in urban 
recreational sites are yet to be explored. From the results of Chapter 4, PO4-P and 
total phosphorus of urban park soils varied greatly between vegetation covers and 
parks (see Tables 4.8 and 4.10a). Organic phosphorus dominated the total P pool 
(see Table 4.10b), while C:P ratios (23 - 121:1) were far narrower than the critical 
ratio of 200:1 (Stevenson and Cole 1999)，which were supposed to favor the release 
of inorganic P (see Table 4.9). Given these results and with the management 
activities being carried out as earlier mentioned, will there be a seasonal difference in 
P mineralization? Indeed what will be the pattern of P mineralization in urban park 
soils? Will there be any discernible differences upon the fluxes in both shrub and 
turf covered soils? What are the resulting P dynamics if the management intensities 
of the two parks are different? 
This chapter attempts to uncover the P dynamics in urban park soils with the 
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following objectives: 
1. To investigate P mineralization, leaching and uptake patterns of the park soils 
and find out whether there is any difference of P fluxes between the two parks, 
vegetation covers, as well as differences between the wet and dry seasons; 
2. To find out the effect of park management practice on P dynamics. 
6.2 Methodology 
The fluxes of phosphorus in both wet and dry seasons were measured 
simultaneously in the same in situ incubation experiments used to measure nitrogen 
mineralization in Section 5.2.1. Determination of P mineralization, leaching and 
uptake were similarly done by calculating the sum of changes in mineral P for each of 
the incubation period. All values represent means of the actual number of intact 
samples from each site and are expressed as |ig g"^  day—�. The formulae for 
calculation of P changes were adopted from Chan (1997); which were originated from 
Debosz and Vinther (1989). These formulae were summarized below: 
• Net P mineralization 
PO4 = net P mineralization during incubation 
= P04(C2) “ P04(T1) 
where; PO4�1) is the PO4 content of bulk soil at the start (Time 0) of the incubation period. PO4 (ez) is 
the PO4 content of the covered (c2) soil at the end (Time 1) of the incubation period. 
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• Leaching of P 
PO4 leach = leaching of phosphorus during incubation 
= P 0 , ( c 2 ) - P 0 4 ( 0 2 ) 
where: PO4 (c2� is tiie PO4 content of the covered (c2) soil at the end (Time 1) of the incubation 
period. P04(o2) is the PO4 content of the open (o2) soil at the end (Time 1) of the incubation 
period. 
• Uptake of P by vegetation 
Pupiakc = (Pmin) - (Asoil mineral P pool) - (losses) 
= [P(c2) - P(TI)] - [Pen) - P(T1)] - ( losses ) 
= P(c2) - P(T2) - ( losses) 
where: P(c2) is the mineral P content of the covered (c2) cores at the end of the incubation period 
(Time 1), and Pcri) and P(T2) are the mineral P content of bulk soil at the beginning (Time 0) 
and end (Time I), respectively, of the incubation period. Losses are the changes in soil 
mineral P content resulting from leaching. Leaching is also zero in covered (c) cores but 
maximal in open (0) cores. As leaching = P(c2) - P(o2>, ？^^ can be simplified from the above: 
Besides, data of phosphorus dynamics received the same statistical treatment as 
the nitrogen mineralization data, with similar reasons indicated in Chapter 5 (see 
section 5.2.2). 
6.3 Results 
There was an overall immobilization of P in Tin Shui Wai Park soils, while P 
mineralization was detected in both shrub and turf soils of Kowloon Park throughout 
the study period (Table 6.1). The immobilization of P in Tin Shui Wai Park shrub 
soil was much stronger in the dry season (-4.08 |Lig g"' day''), and P immobilization of 
its turf counterpart was also doubled. On the other hand, the soils in Kowloon Park 
mineralized less P during the dry season than in the wet season. The highest P 
mineralization rates (2.14 and 1.80 g"' day"') were recorded in turf covered soils in 
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Kowloon Park for both seasons. Besides, the Tin Shui Wai turf soil had smaller net 
P immobilization rates than the shrub soil. 
Table 6.1 Net P mineralization, P leaching and P uptake ( " g g'* day"') in the two parks 
P Mineralization* Leaching Uptake 
Wet season Dry season Wet season Dry season Wet season Dry season 
TSW Shrub -0.61 ~ -4.08 0.24 -2.53 -3.21 0.32 
KL Shrub 0.87 0 . 4 1 ~ 0.58 一 -0.46 -0.67 _ 0.43 
TSW Turf -0.03 - 0 . 0 7 ~ 0.15 — -0.12 0.02 -0.05 
KL Turf 2.14 1.80 1.33 — 0.14 “ -0.72 3.04 
* Negative values for P mineralization denote immobilization, while that of leaching and uptake 
are o f no biological meaning (Nadelhoffer et al. 1984). 
Leaching of P was most severe in Kowloon Park turf soil during the wet season 
(1.33 fig g-i day-i). Leaching rates were much higher in Kowloon Park soils. In the 
dry season, P leaching was drastically reduced in all sites, with P loss observed only 
in Kowloon Park turf soil, while no leaching was detected in other sites. 
Plant uptake of phosphorus mainly occurred in the dry season, while in the wet 
season, only the turfgrasses in Tin Shui Wai Park showed positive uptake value. 
Among the sites, the highest uptake rate was detected in Kowloon Park turf soil (3.04 
fig g-i day"'), followed by the shrub soil in the same park (0.43 fig g'' day"') and the 
Tin Shui Wai Park shrub soil (0.32 [ig g"^  day"'). Moreover, P uptake pattern of the 
urban park soils was similar to NO3 (see Table 5.5). 
As compared to the results in Chapter 5 (Tables 5.4，5.5 and 5.6), the 
mineralization, leaching and uptake of P were overall much higher than that of N 
throughout the study period. Soil under turfgrasses in Kowloon Park generally 
showed higher fluxes of P between parks and vegetation covers. 
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6.4 Discussion 
As one of the important nutrients for plant growth, P transformation and its 
dynamics can be critical in various ecosystems. In particular, the loss of mineral P 
from the soil system is of great concern. Although it is an essential macronutrient 
for plants, leaching loss of P from cultivated soil systems may cause water 
contamination. Therefore, information about phosphorus dynamics is important for 
proper fertility management of any fertilized soil systems. While it is difficult to 
differentiate soil phosphorus from added fertilizer P, the study of P mineralization and 
how it varies with seasons is crucial to assessing P bioavailability in urban park soils. 
Differences in P fluxes between vegetation covers and between parks, and how these 
are related to management practices will be examined. Like the previous chapter, 
study of P fluxes on urban park soils has been rarely attempted in Hong Kong. Thus 
results from the present study are also compared with other studies to find out any 
characteristics unique to the park soils. 
6.4.1 Phosphorus mineralization and immobilization 
While some similarities among sites have been shown on N mineralization trends 
in both seasons, P mineralization patterns portrayed opposite trends between Tin Shui 
Wai Park and Kowloon Park. Differences of inherent soil properties and 
management practices between the two parks could have attributed to this variation of 
P behavior. Immobilization of P occurred in both wet and dry seasons in Tin Shui 
Wai Park. The low pH of its turf soil (5.5) did not favour the solubility of R 
Moreover, the content of exchangeable Ca in the shrub soil was exceptionally high as 
compared with the turf soil and its Kowloon Park counterparts (8.59 cmol kg"' in 0 -
10 cm soil). This could imply that much of the soluble P (or added fertilizer P) was 
complexed as calcium phosphate compounds. 
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Moreover, P immobilization is possibly caused by addition of P fertilizer on P 
deficient soils. As aforesaid in Chapter 4, total phosphorus contents of Tin Shui Wai 
Park soils were much lower than Kowloon Park and there was a severe P deficiency in 
the turf soil. Although available P content in the shrub soil was the highest among 
sites, it contributed over 40% of the total P pool, which suggested there might be a 
flush of fertilizer P. As indicated by Alexander (1977)，in environments where 
phosphorus is limiting, addition of P will stimulate microbiological activities that 
assimilate available P for cell synthesis. Therefore, the high immobilization rate 
detected in Tin Shui Wai Park shrub soil during the dry season is consistent to the 
earlier findings and discussion. 
The immobilization of P in Tin Shui Wai shrub soil may also be related to its 
more silty and clayey texture (see Table 4.1). Finer textured soils provide more 
habitable pore space for microorganisms than sandy soils, and thus can deplete more 
liable inorganic P by the microbial biomass (Huffman et al. 1996). In addition, P 
fixation tends to be more pronounced in soils with higher clay contents, as most of the 
compounds with which P reacts are in the finer soil fractions (Brady and Weil 2002). 
As an important substance for P transformation, the deficiency of available P and 
total P in the Tin Shui Wai Park turf soil might have contributed in weakening the 
activity of P mineralizing microbes thus enhancing P immobilization. Moreover, the 
earlier decline of the vigor of Zoysia matrella in the dry season led to a temporal 
increase of dead tissues on the surface soil. Also, Zoysia grass species have higher 
thatching tendency than common Bermuda grass and Carpet grass (Emmons 2000). 
Dead organic matter increased while management input (P fertilization) largely 
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reduced in the dry season could have caused disruptions of balance between carbon 
and phosphorus. However, the magnitude of immobilization in the Tin Shui Wai 
Park turf soil was not as great as that of the shrub soil, as irrigation was also reduced 
in winter so that microbial activities were partially hindered. On the whole, the 
overall immobilization of P in both wet and dry season suggested a P supply problem 
that would affect plant growth in Tin Shui Wai Park. 
On the contrary, P mineralization was more prolific in Kowloon Park, especially 
the turf soil. Frequent fertilizer addition (monthly) in Kowloon Park directly 
contributed to the increase of available P and irrigation (two times a day) has favoured 
the growth of microorganisms. Besides, the much higher total P concentrations in 
both shrub and turf soils (over 800 /xg g ' ) provided a potentially large available P 
pool that may enable soil to release regular amounts of P over extended time periods 
(Diaz et al. 1993). Also, the availability of higher soil organic matter content (4.54 一 
5.33% in topsoil) made Kowloon Park soils more habitable for microorganisms than 
the Tin Shui Wai counterparts. Furthermore, humic substances can form coatings on 
clay and oxide surfaces that block the P fixation reactions (Stevenson and Cole 1999; 
Brady and Weil 2002). Although slight acidity of the park soil (pH 5.94 - 5.97) is 
less favourable to P solubility, the Kowloon Park soils overall provided better 
conditions for P mineralization than those in Tin Shui Wai Park. 
Comparing P mineralization rates between vegetation covers, the turf soils 
immobilized less and mineralized more P than the soils under shrubs. It could 
possibly be related to rooting habits of different vegetation types. Under the green 
lawn carpet there are fibrous roots growing densely at the topsoil layer. Organic 
acids released from grass roots may compete with phosphate ions for fixation sites. 
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Moreover, organic acids can reduce the number of Fe，Al or Ca cations that react with 
P by chelation (Paul and Clark 1996). Due to the herbaceous nature of turfgrasses, 
their dead root matters are more easily decomposed than those from woody shrubs 
and trees. This may lead to more rapid turnover of organic materials and more 
efficient return of P into soil. Additionally, fibrous root system can modify soil 
texture by accumulating silt and clay. Although this may enhance P immobilization 
by microorganisms as mentioned earlier, indeed, P incorporated in microbial biomass 
is more easily released than those in plant debris. It is because the C:P ratios for 
microbes range from 30 - 50:1 (Frossard et al. 1995), which are far below the ratio of 
dead plant materials (> 140:1). 
On the whole, P mineralization rates of the park soils were much higher than N, 
as shown in Tables 5.5 and 6.1. In particular, P mineralization in Kowloon Park turf 
soil in the wet season (2.14 |ig g"' day'') was 14 times greater than N mineralization 
(0.15 pg g-i day"'). This is contrary to the norm that P released by mineralization is 
usually in the ratio of N:P of 10:1 (Pulford 1991). However, in such intensely 
cultivated soil systems, it would be convincing that there were other phosphorus 
augments besides the "triple-colour-fertilizer" applied prior to the incubations, given 
that bone meal was not used outside the nursery. But this information was not 
available during the survey of park management routines. 
6.4.2 Phosphorus leaching and uptake 
While N leaching occurred in both wet and dry season, leaching of P was 
concentrated in the wet season. As shown in Table 6.1, P leaching was more severe 
in Kowloon Park. During the wet season, leaching loss in shrub soil of Kowloon 
Park doubled the amount of that of Tin Shui Wai Park shrub soil, and the turf soil lost 
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nine times more mineral P than those in Tin Shui Wai Park. In the dry season, 
leaching still occurred in turf soil of Kowloon Park, when loss of P ceased in other 
sites. This justified the earlier finding that the amount of total P and available P in 
Kowloon Park soils was greater in 10 - 30 cm layer than the surface soils (see Table 
4.8) could have been caused by heavy leaching. As soil conditions were more 
favorable to P mineralization, it would also imply that there is more mineral P prone 
to leaching loss. Moreover, the sandy substrate used in the park is weak to hold P 
from leaching. 
Similar to nitrogen, plant uptake of P mainly occurred in the dry season, and also 
with the highest P uptake rate occuring in the turf in Kowloon Park (3.04 /xg g'' day"'), 
which is similar to N. Moreover, negative uptake values were also detected, with 
reasons similar with the occurrence of negative N uptake values in Chapter 5 (see 
Section 5.4.3)，like weed invasion in the open cores, and heavy leaching that depleted 
large amount of P so that P uptake became less detectable. The inorganic P content 
in T2 samples was higher than the open cores could be due to fertilization of soils 
surrounding the core samples during incubation. 
The P uptake pattern of the three turfgrass species {Axonopus compressus in 
Kowloon Park, Zoysia matrella and Cynodon dactylon in Tin Shui Wai Park), as 
mentioned in Chapter 5, were the same as uptake of nitrate. It can thus be confirmed 
that the timing of nutrient uptake by turfgrasses is different with species and growing 
habits. If there is more than one turfgrass species growing within the park, 
fertilization program should be adjusted according to the species needs. While the 
complementary relationship of P leaching and uptake also appeared to prevail here, 
matching timing of mineral P release and peak plant consumption of P should be 
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simultaneously stressed in fertility management of urban park soils. 
Comparing Tables 5.5 and 6.1, P leaching and uptake rates of the urban park 
soils, regardless of vegetation covers, were overall higher than N. Holding other 
factors being constant, N is more easily loss by leaching than P, and is needed in 
larger amount by the plants. However, leaching and plant uptake of elements is 
concentration-dependent. Higher P uptake rates may show that N was not as 
abundant as P in the soils, while severer P leaching clearly implies that there was 
excess amount of P in the park soils, which was likely as a result of fertilization. 
Furthermore, P fluxes in Kowloon Park were much higher than those in Tin Shui 
Wai Park. Are the Kowloon Park soils overdosed with P fertilizers? Although the 
bulk blended "triple-colour-fertilizer" contained only 3% of P2O5, it was applied 
monthly with doses unknown. As phosphorus is relatively immobile, accumulation 
of excess fertilizer P in soil is possible if the added P has already covered the need of 
plants, microorganisms and adsorption sites of Al, Fe or Ca compounds. This is 
evidenced with the high total P contents. Indeed, overloading of P in soils can lead 
to environmental pollution, as well as decline of fertilizer use efficiency. 
6.4.3 Comparison with other studies 
Being the first attempt of studying P mineralization in urban park soils in Hong 
Kong, the present study was compared to results from other studies in order to draw 
some salient conclusions on the characteristic of P fluxes in urban park environment. 
However, due to the relative dearth of information on phosphorus studies as compared 
to N, and great variability of laboratory test procedures, only a little pool is suitable 
for comparison. For the discussion here, the urban park soils are compared with 
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planter soils in Hong Kong (Chan 1997) and agricultural soils in Sydney (Tracy et al 
1990) (Table 6.2). 
Table 6 .2 Comparison o f P mineralization o f selected vegetation communities* 
Vegetation community Study period P mineralization Author (year) 
Wheat cultivation (Sydney) Tracy et al. (1990) 
P low soil ---- 1.43 
No-ti l l soi l ™ 
Planter vegetation (Hong Kong) Chan (1997) 
Central District 4 seasons 0 . 0 6 - 0 . 3 1 
K w u n T o n g 4 seasons - 0 . 1 3 - 0 . 0 5 
W o Che 4 seasons -0.14 - 0.19 
Urban Parks (Hong Kong) The present study (2004) 
T S W Shrub 2 seasons -4.08 - -0.61 
KL Shrub 2 seasons 0.41 - 0 . 8 7 
T S W Turf 2 seasons -0.07 - -0.03 
KL Turf 2 seasons 1 . 8 0 - 2 . 1 4 
• Units expressed as / / g g"' day"' 
Also, the units ofsclcctcd data have been changed for the purpose of comparison. Some data have been rounded up too. 
Negative values denote immobilization. 
P mineralization rates of urban park soils on the whole fell between the 
agroecosystem (Tracy et al. 1990) and the planter counterparts of urban Hong Kong 
(Chan 1997) in values. Particularly, P production in turf soil of Kowloon Park was 
largely comparable with the wheat cultivation system (Tracy et al 1990). Moreover, 
sites with more cultural input applied or more intensive management tended to have 
positive mineralization rates. This is shown in the planter soils in Central (Chan 
1997) and the Kowloon Park soils of the present study, where the sites experienced 
longer time of management since their establishment. On the other hand, urban park 
soils are characterized with much larger fluxes than planter soils, given the total 




From findings of the present experiment, several conclusions can be drawn: 
For the first objective: 
1. P mineralization was generally observed in Kowloon Park soils while 
immobilization was detected in Tin Shui Wai Park soils. Reasons for P 
immobilization within Tin Shui Wai Park were location-specific, like presence of 
residual P fertilizer in shrub soil and winter dormancy of Zoysiagrass. 
2. Overall, net P mineralization rates were higher than net N mineralization. Soils 
under turf tended to immobilize less and mineralize more P than soils under 
shrubs and trees. 
3. Leaching loss of P was generally more severe than nitrogen in urban park soils 
and mainly concentrated in wet season, with the highest leaching rate detected in 
turf soil of Kowloon Park (1.33 fig g"^  day 
4. Plant uptake of P appeared to be complimentary with leaching, and mainly 
occurred in the dry season. Moreover, P uptake pattern was found to be similar 
with NO3. Such pattern also revealed the growing habits of different turfgrass 
species in the two parks. Besides, P uptake was much greater than nitrogen, 
regardless of sites and vegetation cover. 
For the second objective, 
1. Mineralization of P tended to be higher with more intensive management and 
more fertilizer input. 
2. The overall larger P fluxes than those of N in the park soils reflected an 
overloading of P in the soil system. This could be caused by overdose of P 
fertilizer application and long-term accumulation of added P in soil. This 
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problem was more apparent in Kowloon Park. 
3. In all, phosphorus dynamics in urban park soils were different between parks and 





7.1 Summary of findings 
Urban parks are major places in Hong Kong that provide aesthetic greenery, 
recreational space for citizens, as well as sanctuary for urban wildlife. While there 
will be more and more urban population in the future, understanding of urban 
ecological environment would be a crucial aspect in developing a sustainable city. 
The present study specifically explored the chemical aspect of urban soils in urban 
park habitats, so as to understand the urban environment from an ecological point of 
view. It began with a baseline study of soil properties of two urban parks, followed 
by investigations of nitrogen and phosphorus dynamics of the urban park soils. By 
uncovering the fluxes of important soil nutrients and plant-soil relationships, it is 
hoped that the present study would help to formulate sustainable ways of park soil 
management and maintenance of greenery quality. 
The study of baseline soil properties of urban park soils was carried out in 
Kowloon Park and Tin Shui Wai Park, with samples taken from soils under shrubs and 
trees as well as under turf lawns. Properties of the park soils varied between parks 
and vegetation covers within park. Textures of the two parks' soils ranged from 
loamy sand to loam, where the Tin Shui Wai Park shrub soil recorded the highest silt 
and clay contents throughout the 0 - 30 cm soil profile. The pH levels of the park 
soils were overall optimal. Soil pH values ranged from 5.94 - 6.33 in Kowloon Park 
soils, while more varied values were recorded in Tin Shui Wai Park, ranging from 
7.36 - 7.78 in shrub soil and 5.50 - 5.76 in turf soil. 
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The park soils contained marginal to deficient amount of exchangeable cations, 
especially potassium (0.07 - 0.23 cmol kg"^  in Kowloon Park and 0.17 - 0.34 cmol 
kg-丨 in Tin Shui Wai Park) and magnesium (0.23 - 0.50 cmol kg"' in Kowloon Park 
and 0.40 - 0.54 cmol kg"' in Tin Shui Wai Park). However, the Tin Shui Wai Park 
shrub soil contained extremely high level of exchangeable calcium (8.59 — 9.44 cmol 
kg''), possibly due to the presence of concrete wastes in soil. Besides, the two parks 
varied in SOM content. Kowloon Park contained SOM ranging from 3.71 — 5.33% 
in shrub soil and 3.11 - 4.54% in turf soil. Lower SOM values were found in Tin 
Shui Wai Park, with 1.06 - 2.84% in shrub soil and 1.18- 3.30% in turf soil. 
Furthermore, the two parks also greatly varied in TKN and total phosphorus. 
Marginal to adequate levels of TKN were observed in Kowloon Park soils (0.16 -
0.24%), while Tin Shui Wai Park soils were deficient in TKN (0.05 - 0.17%). Total 
phosphorus content in Kowloon Park soils were generally over 800 /xg g"^  and 
extreme high value was recorded in 0 - 10 cm soil under turf (1329.11 fig g"') 
(Appendix 4.3). On the other hand, much lower total P value was observed in Tin 
Shui Wai Park soils ranging from 85.36 - 477.71 /xg g \ The Kowloon Park soils 
were richer in PO4-P (93.96 - 139.97 /xg g ' ) than their Tin Shui Wai counterparts 
(2.94-211.88 fxg g-i). Mineral N (NH4-N andNO3-N) content was not significantly 
different between the two parks. Both mineral N and P constituted a minor 
proportion of the total pools, averaging 0.95 - 1.89% and 3.44 - 18.87% respectively, 
except the mineral P content in Tin Shui Wai shrub soil which constituted about 
44.35% of total P pool. 
Interlayer differences were profound in all sites for SOM, TKN, ammonium 
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and nitrate nitrogen, available phosphorus, exchangeable K and Mg. For other soil 
parameters tested, i.e. pH, total phosphorus, exchangeable Na and Ca, interlayer 
differences were only significant in certain vegetation cover or in only one park. 
While the majority of soil parameters decreased with soil depth, soil pH, and 
exchangeable Ca of both park soils, as well as total phosphorus in Kowloon Park soils 
were found to increase in 1 0 - 30 cm soil layer. 
Comparing the properties of soils under shrubs and turf, Tin Shui Wai Park 
have shown greater variations between vegetation covers than Kowloon Park, as more 
soil parameters were detected with significant differences. However, it was 
commonly found in both parks that NO3-N pool predominated over ammonium in 
shrub soils and the ammonium pool was larger than nitrate in turf soils. 
Intra-park differences of soil properties were overall profound. Kowloon 
Park soils were generally better in nutrition status than Tin Shui Wai Park soils. 
Although it could possibly be related to different park age or park location in different 
land use, differences of inherent soil characteristics caused by diverse origins of 
imported substrates, and variations of horticultural management practices should be 
largely accounted for. These variations have determined the resulting dynamics of 
mineral N and P in soil and can provide implications to urban park soil and vegetation 
management. 
By in situ incubation method, changes and losses of mineral N and P during 
wet and dry season were measured. For nitrogen dynamics, both ammonification 
and nitrification were detected in the park soils. Ammonification occurred only in 
the wet season, with mineralization rates measuring up to 0.06 — 0.14 jug g"' day'' in 
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Tin Shui Wai Park and 0.04 - 0.09 /ig g'' day"' in Kowloon Park. Nitrification 
predominated over ammonification, as the Kowloon Park soils produced 0.11 - 0.45 
Mg of NO3-N per day and 0.15 - 0.39 fig g"' day"' of NO3 was mineralized in Tin 
Shui Wai Park soils. Strong immobilization of NH4-N was detected throughout the 
dry season. Net N mineralization was only observed in the turf soils of two parks 
during the wet season. 
N leaching occurred in both wet and dry seasons (0.07 - 0.23 fig g'^ day"' in 
Tin Shui Wai Park and 0.25 - 0.32 /xg g ' day"' in Kowloon Park). In particular, loss of 
nitrate was more severe than ammonium nitrogen, as values ranged from 0.06 - 0.20 
Atg g-丨 day"' in Tin Shui Wai Park and 0.24 - 0.47 /xg g"' day"^  in Kowloon Park. N 
leaching during the dry season was mainly due to irrigation, while both heavy summer 
rainfall and irrigation could be accounted for wet season leaching. 
The park vegetation generally preferred NH4-N to NO3-N, and uptake of N 
mainly occurred in the dry season. The highest N uptake rate was detected in turf 
soil of Kowloon Park (0.49 fig g"' day''). Besides, uptake pattern was different 
between the turfgrasses in the two parks, which possibly related to different growing 
habits of the turfgrass species in two parks. 
P mineralization was much more prominent than ammonification and 
nitrification. Net P mineralization was detected in Kowloon Park for both seasons 
(0.41 - 2.14 fig g"' day''). However, immobilization was detected in Tin Shui Wai 
Park soils throughout the study period. Soils under turf generally mineralized more 
P and immobilized less P than shrub soils. 
127 
P leaching mainly occurred during wet season and was greatly reduced in dry 
season. Moreover, the Kowloon Park soils were recorded greater losses of P (0.14 -
1.33 fig g'' day-i) than their Tin Shui Wai counterparts (0.15- 0.24 fig g"^  day]). 
P uptake pattern of the park vegetation was similar to NO3-N and was also 
mainly detected in the dry season. Plant uptake of P were much higher than uptake 
of NH4-N and NO3-N, with the highest rate detected in Kowloon Park turf soil (3.04 
"g g-i day"'), followed by the shrub soil in the same park (0.43 fig g^ day"') and the 
Tin Shui Wai shrub soil (0.32 /xg day'). 
Overall, mineralization and fluxes of N and P were larger in Kowloon Park 
than in Tin Shui Wai Park soils, which were in line with management intensities of the 
two parks. The larger amount of management inputs, the higher the mineralization 
rates detected, but also the greater the losses recorded. Besides, the magnitude of the 
gains and losses of P in urban park soils were much larger than those of mineral 
nitrogen. 
7.2 Implications of the study 
7.2.1 Chemical characteristics of urban park soils and their relationship to 
management 
Findings of the present study, like other local urban soil studies, have again 
reflected the highly variable nature of urban soils. Regardless of basic soil 
properties or temporal fluxes of N and P, the park soils were different from one park 
to another, and varied with vegetation types within one park. These resulted from 
the combined influence of diverse substrate origin, variations of management input 
and different plant growing habits. Nevertheless, a few characteristics about the 
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chemistry of urban park soils can be highlighted and analogies can be made. 
It is a general impression that urban park soils are poor in organic matter as 
well as nitrogen and phosphorus supply, as reported by Lai (1994) and Jim (1998e). 
This statement holds partly true in the present study, as the Tin Shui Wai Park soils 
contained insufficient SOM, TKN and total P to support plant growth (see Table 4.14). 
Contrastingly, SOM and phosphorus content in Kowloon Park soils were very high, 
and severe N and P leaching were detected in the park. The differences observed 
among the parks in the present study and other parks as reported by others imply that 
soil chemistry varies among parks. The soil in each urban park in Hong Kong is 
probably unique. Their importance and uniqueness certainly warrants further 
studies. 
As aforesaid in Chapter 3，all the urban parks in Hong Kong are under the 
jurisdiction of LCSD (formerly the Urban Services and Regional Services 
Department). However, under the same management authority, soil quality varied 
greatly among the parks. Furthermore, management intensity of the two parks in the 
present study varies (see Table 3.2). It cannot be denied that intensity of 
horticultural management is possibly varied among parks, as popularity and visitor 
flow of the parks are different. In this way, the amount of effort spent on tackling 
vegetation vandalism and trampling on lawns varies. However, in terms of soil 
fertility, should the parks not adopt common standards of soil quality that will ensure 
proper nutrient supply for the plants in every park? 
Even within the same park and under the same group of vegetation type, the 
soil properties varied greatly. Tremendous spatial variations within park were 
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denoted by the large standard deviations and wide range values of soil data in both 
Kowloon and Tin Shui Wai Park (Appendices 4.3 and 4.4). This poses management 
difficulty as cultivation inputs like fertilization and irrigation may not be equally 
effective in each patch of plantings. From field observation during the course of the 
study, it was not difficult to find partial wilting of plants on certain plot of shrubs or 
unequal growth in the same piece of turf in the two parks. The problem could have 
been rooted from using heterogeneous substrates and lack of stringent enforcement of 
soil specification at the early stage of landscaping. This was also possibly a result of 
uneven application of water and soil amendments, while the maintenance work was 
manually done. The problem is not unique to park soils, but indeed it is common to 
other urban habitats, like planter soils (Chau and Chan 2000). Management of urban 
park soils, therefore, should not rely on a "one-way-for-all" strategy. Rather, more 
detailed information about the spatiality of soil characteristics within the park should 
be acquired beforehand in order to adjust the amount of management input for 
different park zones. Owing to limited time and effort, soil sampling in the present 
study did not fully cover the whole area of the two parks. As similarly suggested by 
Chan (1997), a more intensive stratified random soil sampling can be carried out to 
test and differentiate properties between theme zones within park, for example, the 
Palm Garden, the central boulevard and the Scent Garden in Tin Shui Wai Park. 
Furthermore, park managers may also consider to reestablish the planting bed where 
the soil problem is most serious. To a larger scale, the park-specific management 
strategy should also be adopted. 
Besides heterogeneity of soil chemical properties, a different mineral N pool 
distribution was identified between soils under different vegetation types. From the 
findings in Chapter 4, NO3-N predominated over NH4-N in soil under trees and shrubs, 
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while the turf soil was dominated by NH4-N pool. Moreover, from Chapter 5，it was 
found that nitrification was more prominent than ammonification. These results are 
unique from some studies of natural and urban soils in Hong Kong, and subtropical 
ecosystems in Asia, which reported a predomination of ammonification (see Table 
5.7). The dominance of nitrate, associated with narrow soil C:N ratios measured in 
the park soils (about 11 一 14:1)，were in agreement with the attributes of most 
agricultural soils. 
Furthermore, from the results of Chapter 6, P mineralization was found to be 
much larger than N mineralization in the urban park soils, especially the Kowloon 
Park soils. In natural soil environment, the amounts of carbon, nitrogen and 
phosphorus contained in soil organic matter are in a ratio of 140:10:1.3 respectively 
(Stevenson and Cole 1999). The release of inorganic P is often a tiny portion 
compared to mineral N. Where the soil is under cultivation, with irrigation, plowing, 
or fertilization as inputs, the microbial activities can be altered and the distribution of 
liable and organic P pools in soil could be modified (Tracy et al 1990; Leinweber et 
al. 1999; Zheng et al. 2002; Zhang et al 2004), thus favoring mineralization of R 
Overall, despite great variations in soil chemical properties within site and 
between sites, the urban park soils present chemical features which are 
characteristically similar to agricultural soils. Indeed, N and P leaching problem 
caused by heavy use of fertilizers in park soils are also common matters of concern in 
agroecosystems. While nutrient deficiency was generally reported in earlier urban 
park soil studies (Lai 1994; Jim 1998e), this research have identified cases of nutrient 
overload in park soils, for example, the phosphorus in Kowloon Park soils, which 
might be attributed to sampling design and time as will be subsequently highlighted. 
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Indeed, the present study is the first attempt to examine N and P dynamics of urban 
park soils, including both total pool and the soluble pools of N and P as well as 
temporal fluxes. As discussed in Chapter 5 and 6, prominent nitrification and P 
mineralization and the associated high NO3-N and PO4-P leaching rates were possibly 
due to fertilizer overdose and accumulation of residual fertilizer in soil. The 
environmental impact of using mineral fertilizers, therefore, should be given due 
attention in managing urban park soils. 
With regards of the conditions in Tin Shui Wai Park and Kowloon Park, first 
of all, the practice of using urea should be curtailed. Urea is a type of concentrated, 
fast-release ammoniacal fertilizer that is immediately soluble in water. Moreover, its 
fast-releasing nature makes it more prone to leaching loss. Slow-release fertilizers, 
in any circumstances, are more recommended choices for landscape planting. With 
coatings on the fertilizer granules, slow-release chemical fertilizers dissolve slowly 
and thus are much long-lasting nutrient sources for plants. 
More importantly, if the soil nutrition status is never assessed, one can never 
know whether the existing fertilization practice is appropriate or not. Regular soil 
tests should be carried out for the park substrates. Hence, the fertilizer programme 
can be adjusted from time to time to make sure fertilizers are applied rationally in 
accordance to the soil nutrient status. Documentation of information including date 
and amount of fertilizer applied may help in evaluating the fertilizer programme from 
time to time. 
In the long term, the role of soil organic matter on leaching control should be 
highlighted. Presence of SOM not only improves soil physical structure and 
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increase moisture retention and ion exchange capacity, it can also serve to hold part of 
the N and P fertilizer from loss by leaching. Studies have reported that mineral N 
and P incorporated in organic matter and the microbial biomass are released slowly 
with decomposition of SOM and dieback of microorganisms (Paul and Clark 1996; 
Coleman and Crossey 1996; Oberson et al. 2001). As a result, the organic matter in 
soil harmonizes the initial flush of mineral N and P shortly after fertilization, and 
provides stable supply of fertilizer nutrients afterwards. While relatively low SOM 
content was measured in Tin Shui Wai Park, returning plant litter to the soils, 
increasing use of organic amendments so as to create habitable conditions for 
microbes would be beneficial to nutrient conservation and fertility improvement. As 
a whole, management of urban park soils is not merely to maintain a growing medium 
for park vegetation, but also to manage a substrate to meet the needs of the amenity 
plants in a sustainable and environmentally responsible way. 
7.2.2 Management practices for different vegetation types and species 
From findings of Chapter 4，interlayer differences were profound in both parks 
for SOM, TKN, ammonium and nitrate nitrogen, available phosphorus, exchangeable 
K and Mg. As discussed in section 4.5.3, parameters like SOM and TKN in 10 - 30 
cm soils were rated as marginal or deficient in the park soils. While landscape 
sceneries in urban parks are often created by ensemble of groundcovers, shrubs and 
trees, park soil profiles should be able to accommodate plants with various rooting 
depths. Nutrient deficiencies in lower soil layers can be detrimental to 
deep-rooting shrubs and trees. From Chapter 3, the existing practice of fertilization 
of both parks is surface application. In order to guarantee an efficient consumption 
of fertilizer by deep-rooting species, band application method should be considered. 
For trees and large shrub specimens, small amounts of fertilizers can be buried near 
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the rooting zone of the individual plant. Thus the dissolved fertilizer can directly 
reach the plant roots and will not be easily lost by surface runoff due to rain and 
irrigation. For low and ground-covering species, surface application of fertilizer can 
still be a viable practice. 
On the other hand, the turfgrasses in urban parks may need more sophisticated 
care. In Chapters 5 and 6，despite the indiscernible patterns observed, the uptake 
rates of NH4-N, NO3-N and PO4-N by turfgrasses were much larger than shrubs. 
Under park management, nutrient loss from turfgrasses is greater than the shrubs and 
trees. Tree pruning and shrub trimming are not as frequently done as turf mowing. 
Moreover, while dead leaf litter is removed from the shrub beds, fresh tissues are cut 
away from the turfgrasses during mowing. In fact, mowing is often regarded as a 
management practice that creates stress for turfgrasses (Kamok 1998). Therefore, it 
is possible that the grasses need more N and P for repairing damaged tissues and 
recovery from each mowing. More judicious use of N and P fertilizers would be 
necessary to meet the quick exhaustion of soil nutrient stock. However, on the other 
hand, greater amount of fertilizer use means greater risk of leaching loss. The N 
and P leaching rates of the turf soils, especially in Kowloon Park, were already high. 
A more practicable way to maintain soil fertility of lawns without negative 
environmental consequence is to return grass clippings into the soil by composing or 
using mulching mowers. There are numerous benefits of returning grass clippings 
into the soil for maintaining turf health and soil fertility. The residue itself can be 
regarded as a natural organic fertilizer from which nutrients are slowly released by 
decomposition (Kamok 1998). Approximately 60 - 70% of the nutrients that are 
immediately available to the plants are found in the clippings from the first three 
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times of grass cutting after a fertilizer application (Emmons 2000). It is also a good 
quality organic amendment which can help improve soil texture and overall nutrient 
retention. Furthermore, as a slowly available nutrient source, it will not cause 
environmental pollution problems as is often the case with mineral fertilizers. In 
addition，returning grass clippings to the turf soil is economical. It will not cost 
extra money as the material just comes from the growing turf itself, and this will also 
help in reducing expenditures on the purchase of mineral fertilizers. Indeed, this 
practice has been indicated by Kopp and Guillard (2002) who found that returning 
turfgrass clipping helps to enhance turf growth and efficiency of soil nitrogen 
utilization, without impairing the turf quality. 
The NO3-N and PO4-P uptake patterns observed in the turf soils also reflected 
the growing habits of different turfgrass species in the two parks. From the 
discussion in Chapters 5 and 6, although the three species belong to warm-season 
turfgrasses, Zoysia matrella is more sensitive to temperature decrease in winter. 
This implies that N and P fertilization for turfgrasses should be customized for 
different species. Moreover, as leaching loss and plant uptake of N and P are 
complimentary, it is important to synchronize the fertilizing dose and timing to the 
growth peaks of individual grass species. The most important time to fertilize warm 
season grasses is in late spring, with a second application in summer. For Manila 
grass, if it goes dormant during winter, fertilization should be discontinued until 
spring (Duble 2004). 
In addition to fertilization, proper irrigation, mowing height and frequency can 
all be used effectively to maintain cold tolerance, drought and disease resistance of 
warm-season turfgrass species. Furthermore, during the dormancy period of 
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warm-season grasses, winter overseeding of cool-season species can be carried out to 
keep the lawns green throughout the year. Lastly, professional horticultural training 
for workers on ground is also important in maintaining quality greenery in urban 
parks. 
7.3 Limitations of the study 
The in situ field incubation was employed in the present study to study N and 
P dynamics under prevailing site conditions. This method allows simultaneous 
measurement of mineralization, leaching and uptake of a soil element (Debosz and 
Vinther 1989). Although more than one element can be tested in the same 
incubation experiment, accuracy of the method can be affected by unexpected 
disturbances in the field as well as artifacts introduced by soil containment. 
The paired cores placed in the urban parks (see Chapter 5) were prone to 
vandalism. Therefore, timing and duration of incubations, as well as number of 
intact core samples, were different between sites. The loss of core samples were 
more prominent in Kowloon Park during wet season, so that the experiment needed to 
be repeated in later periods after the incubation in Tin Shui Wai Park (see Table 5.1). 
To prevent further damage of samples, the dry season incubation of the turf soil in Tin 
Shui Wai Park was shortened to 17 days. Furthermore, as a result of vandalism, loss 
and compensation with extra cores, the number of undisturbed samples valid for 
analysis varied among sites, as shown in Table 7.1. These discrepancies have posed 
difficulty in data comparison. Nevertheless, the difference of incubation durations 
was overcome by expressing the data on per day basis as done by Yau (1996). 
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Table 7.1 Number of valid incubation samples in present study 
Site No. of valid samples 
Wet season Dry season 
TSW Shrubs 21 
TSW Turf 24 16 
KL Shrubs 21 23 
KLTurf 35 32 
Furthermore, precision of incubation results is possibly affected by the 
shortcomings of the method, which can be summarized as below: 
(i) Cessation of carbon input from decomposing litter and from fine-root 
turnover (Adams et al 1989; Smethurst and Nambiar 1989; Marafa 1998). 
(ii) Increased carbon inputs from severed roots, which may cause 
immobilization (Debosz and Vinther 1989), and underestimation of 
mineralization results due to uptake of N by severed but still active roots 
(Raison et al 1987). This problem tended to be more apparent in turf 
sites, where the roots are fibrous and densely grown. Nevertheless, the 
same method has to be done on both vegetation covers for comparison on 
common ground. 
(iii) As observed in the present study, weed invasion in the open cores may 
cause underestimation of plant uptake, which possibly gave rise to 
negative uptake values with no biological meaning (Nadelhoffer et al. 
1984). 
(iv) Accumulation of inorganic N in soil cores with longer duration of 
exposure (Adams et al. 1989; Smethurst and Nambiar 1989). 
(V) Fluctuations of micro-environmental conditions like temperature and 
moisture may lead to variations of results (Adams et al 1989; Marafa 
1998). 
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The two-season incubation was carried out according to the management 
regime of the parks. If the constraints of time, resources and manpower can be 
overcome, incubations can be carried out in four seasons or monthly to portrait a 
better picture of seasonal fluctuations of N and P in urban park soils. Besides, 
results described in Chapters 5 and 6 showed that mineralization of N and P were 
highly variable between parks, vegetation covers and seasons. This can be improved 
by more intensive sampling over the park. In this way, the risk of vandalism can 
also be reduced. 
The present study adopted a retrospective approach since the two parks have 
well-known background that allowed studying the effect of management duration and 
location on soil quality. Although this has provided a good incentive for 
understanding the genesis of urban soils, it is obvious that variations of management 
practices of the two parks have masked over the effect of time and peripheral 
environmental factors. Within site variation of soil inherent characteristics, as well 
as other site-specific conditions are needed to be taken into account in data 
interpretation. Moreover, occasional renovations might have been done in different 
areas of the park, in which the soil profiles were probably modified between park 
opening and the start of present study. Additionally, the absence of planting and 
fertilization records created further difficulties in interpreting the research results, 
especially the N and P dynamics. Nevertheless, results obtained in this study have 
unveiled the chemical aspects and partially contributed to our knowledge of urban 
park soils in Hong Kong. 
138 
7.4 Suggestions for further study 
Although the findings of this research and the discussions that have evolved 
have bridged some knowledge gaps, our pursuit to understand the ecological 
environment of urban Hong Kong should not come to an end. Indeed, many 
questions have remained unanswered and further research work will equip us towards 
better management of urban ecosystems. 
For any landscaped area in urban Hong Kong, from roadsides to urban parks, 
use of fertilizers is vital in greenery maintenance. However, our understanding of 
the fate of fertilizer in urban soil systems is insufficient. Had the N and P fluxes not 
been tested in this research, the P fertilizer overdose problem in urban park soils will 
never be discovered, provided that the application dose is not recorded in the two 
parks. What are the pathways of the added mineral fertilizers in the urban soil 
system? How much of N and P is used by the plants? How much fertilizer is 
incorporated into organic matter and microbial biomass? How much of added P is 
occluded in oxides and Ca compounds in alkaline soils? How much ammonical 
fertilizer is transformed to nitrate and how much nitrate is lost from the system? 
Answers to these and other questions will add to our knowledge, and help understand 
and maintain the urban soil systems. 
The present study provided an overview of N and P bioavailability in soils 
under different vegetation types in urban parks. Owing to limited time and resources, 
factors affecting N and P mineralization, like temperature, moisture and N and P 
content in plant litter, were not studied in detail. Moreover, urban parks are major 
leisure and recreational facilities in the city. How do the drawbacks of recreation 
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activities, such as littering and trampling, affect the turnover of nitrogen and 
phosphorus in park soils? 
Besides, there is a relative dearth of information about soil phosphorus as 
compared to nitrogen in Hong Kong. While phosphorus is also an important 
macronutrient with equally dynamic nature as nitrogen, further studies on phosphorus 
transformation processes in local natural and urban ecosystems would help better 
management of urban and natural soil resources in Hong Kong. 
The present study has shown that N and P dynamics in urban park soils were 
largely different from the planter soils in Hong Kong (Chan 1997). It suggests that 
nutrient cycling efficiency may vary among different urban habitats. Indeed, 
landscape sites in different comers of urban Hong Kong, like street tree pits, road 
embankments, sports fields and slope plantings, are serving different functions and 
are facing a variety of stresses. Further study of nutrient dynamics in various urban 
habitats may help portrait a fuller picture of the urban ecological environment in 
Hong Kong, hence formulate better strategies of greening different city environments. 
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Appendix 3.1 List of plant species in Kowloon Park 
(Not include aquatic plants and seasonal flowers) 
Trees: 
Acacia auriculiformis Gossampinus malabaricum 
Acacia confusa Grevillea robusta 
A ilanthus fordii Hibiscus tiliaceus 
Albizia lebbeck Hyphorbe lagenicaulis 
Aleurites fordii Ilex rotunda 
Aleurites moluccana Juniperus chinesis 
Aquilaria sinensis Lagerstroemia speciosa 
A raucaria heterophylla Liquidambarformosana 
Archontophenix alexandrae Litsea glutinosa 
Bambusa ventricosa Livistonia chinensis 
Bambusa vulgaris Macaranga tanarius 
Bauhinia blakeana Magnolia grandiflora 
Bauhinia purpurea Mangifera indica 
Bauhinia variegata Manilkara achras 
Bischofia javanica Melaleuca quinquenervia 
Bridelia tomentosa Melia azedarach 
Caesalpinia sappan Michelia alba 
Callistemon rigidus Moms alba 
Callistemon viminalis Murraya exotica 
Carica papaya Musa paradisiaca 
Caryota urens Neodypis decaryi 
Cassia fistula Peltophorum pterocarpum 
Cassia siamea Persea americana 
Cassia surattensis Phoenix hanceana 
Casuarina equisetifolia Phoenix roebelenii 
Cayota ochlandra Pinus eliotti 
Celtis sinensis Pinus massoniana 
Cerbera manghas Plumeria rubra 
Cinnamomum burmanii Podocarpus macrophyllus 
Cinnamomum camphora Prunus mume 
Cleistocalyx operculata Prunus persica 
Cordia dichotoma Ravenala madagascariensis 
Crateva religiosa Roystonea regia 
Cryptomeria japonica Salix babylonica 
Cyathea lepifera Sapium sebiferum 
Cycas revoluta Schefflera octophylla 
Delonix regia Spathodea campanulata 
Dimocarpus longan Sterculia lanceolata 
Elaeocarpus hainanensis Syagrus romanzqffiana 
Erythrina corallodendron Syzygium cumini 
Erythrina crista-galli Terminalia catappa 
Erythrina speciosa Thespesia populnea 
Erythrina variegata var. picta Thevetia peruviana 
Eucalyptus citriodora Trachycarpus fortunei 
Eucalyptus robusta Ulmus parviola 












Acienanlhera pavonia 山‘如cia adhodata 
Agava anwricana var. Marginata [a咖na montevidensis 
Aglaia odorata Lantam sellowiana 
AUamanda cathartica Ligustmm sinense 
Allamanda schottii Mahaviscuspendulijlorus 
Alternanthera brasiliana Micheliafigo 
Asparagus sprengri 浙—paniculata 
Aspidistra elatior _dina domestica 
Bouganvillea glabra Ophiopogonjaponicus 
Calliandra haematocephala Osmanlhus fragrans 
Camellia japonica Pachira macrocarpa 
Carmona microphylla Philodendron bipUmatifidum 
Cayota ochlandra 朽 c a d i e r e i 
Chlorophytum comosum Polyscias fruticosa 
Chrysalidocarpus lutescens '化咖 Scutellaria 
Codiaeum variegatum P?scias guifoylei 
Cordyline fruticosa Rlmpis excelsa 
Cordyline ierminalis Rhododendron spp. 
Cuphea hyssopifolia 巧画 discolor 
Dracaena marginata ^osa spix 
Dracaena rejlexa Wariegata' Sanchez,a nobihs 
Duranta erecta Sanseviena trifascmta 
Duranta iorentzii 恐�a ctmophy la 
Ficus benjamina variegata Schfera arboncola 
Ficus microcarpa var. go lden Sj油⑵a reginae 
Ficus pumila Synogiumauntum 
Gardenia angusta Tabernaemontana divaricata 
Graptophyllum pictum 
Hibiscus rosa-sinensis 阶姚^口 …—ta 
Hymenocallis amehcana 
Ixora chinesis 
Ixora coccinea Turfgrasses： 
Jasminum mesnyi Axonopus compressus 
Jasminum sambae Cynodon dactylon 
Zoysia matrella 
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Appendix 3.2 List of plant species in Tin Shui Wai Park 
(Noi include aquatic plants and seasonal flowers) 
Trees: 
Acacia auricuii/ormis Altcrnanthera hrasiliana 
Acacia confusa Asparagus sprengri 
Acacia mangium Calliamira haematocephala 
Aleurites moiucanna Canna iruiica 
Araucaria hctcrophytla Carmona mkrophylta 
ArchontophfX'nLx alcxantlrac Cassia hiscapsularis 
Bamhtisa wnfricosa Chry salUhcarptts hitcscem 
Bamhusa vulgaris Cotiiaeum xmiegatum 
Rauhinia biakcana Crinum asiaticum 
Hauhinia wricgaia Cnmandra infundibuliformh 
CaUistcmon viminalis Cuphea hy^sopifolia 
Cassia pstula Dracacna marginata 
Cassia suraltcnsis Duranta crccla 
Casuarina cquisetifolia Duranta iorcntzii Cay-Ota ochlamira Epiprcmum axtrctum 
Chrysalidocarpus ttiiescens Eranthcmum nenoxunt 
DelonLx rcgia Kuphurhia pulchcrrima 
Efacocarpus hainam nsu: Excoi cria cochinchinaisis 
Ery thrina spcdosa Ficus microcarpa var. 'golden' 
Eucalyptus citroihra Hibiscus rosa-sinensis 
Eucalyptus robusta Hymenocallis amcricana 
Ficus hcnjamina varieguta I.xora chinensis 
Ficus microcarpa fxora cocdnea 
Fiscus I'lasiica Jasminum mesnyi 
Garcinia suhcilcptica Lantam camara 
Ginkfio hiloba Lanlana montevidcnsis 
Gossampinus mahbaricum Ligmfrunf Japonicum 
Grevillea rohusta Mahavisats pendulifloms 
Hibiscus titiacem Mussacnda puhesccns Lagerstrocmia spcdosa Ophiopogon JaponiaLs Liquidamhar formosana Osmanihus fragrans 
Livistonia chineims Pachira macrocarpa 
Lophostcmon confertus Pedilanthus tithmaloides 
\facaranga tanarius Phihxlemirort hipinnatifidum 
Melaleuca quinquvnenia Polysdas balfouriana Michclia alha Pyrostcfiia wmtsta Moms alha Rhapis excelsa Pcltophorwn pwrocarpum Rhododendron spp. 
Phoenix rocbekmi Riioco discolor 
Ptumcria rubra Sanscvicria Ihfasciata Podocarpus macrophyllus Sch.m arhoricoh 
Rawnala maJagascaricnsis Sy_“m miriuim 
Rovsionca rcgia TahcnwemoiUana dhxiricata Suffium schi/erum �'e_tia eUiptica 
SchcJPcra octinophylla Wcdclia mhbata 
Schima superba 
Spathottca cam/>anuiata Turfgrasscs； 
Axonopus comprcsstis Shrubs，groundcovers and Cynodwt thctyhn 
climbers: matretia 
Acalyphu wilkcsiana Afilaia tnlorala 
AUamanda cathartica 
AUamanda schottii 
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